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1  INTRODUCTION 
European roe deer (Capreolus capreolus L.) is the most widespread and abundant 
European ungulate with a distribution range spanning from the south of Spain to northern 
Norway and from the British Islands to the Caucasus (Andersen et al., 1998a; Apollonio et 
al., 2010). Roe deer occupy a large variety of natural and human-altered habitats (Andersen 
et al., 1998a), and thus have to cope with diverse environmental and climatic conditions 
which influence life-history traits of the species (Andersen and Linnell, 2000). Roe deer 
has shown marked increase in population size for decades (see Andersen et al., 1998a; 
Apollonio et al., 2010). One of the main factors enabling fast population growth is high 
reproductive potential of this polytocus species (reviewed in Flajšman et al., 2013). 
Contrary to other native continental European ruminants in which females generally start 
to reproduce at older ages and normally produce only a single offspring per pregnancy (e.g. 
red deer (Cervus elaphus): Clutton-Brock et al., 1982; Borowik et al., 2016; moose (Alces 
alces): Garel et al., 2009; Gingras et al., 2014; European bison (Bison bonasus): Krasiński 
and Raczyński, 1967; Alpine chamois (Rupicapra rupicapra): Schröder, 1971; Pyrenean 
chamois (Rupicapra pyrenaica): Pérez-Barbería et al., 1998; Alpine ibex (Capra ibex): 
Garnier et al., 2016), most roe deer does produce twins and more rarely singletons while 
triplets are also quite common (Danilkin, 1996; Andersen et al., 1998b); exceptionally, 
they can also produce quadruplets, and there is also evidence of does with the potential to 
have litters of five offspring (Flajšman et al., 2017b).  
Due to its abundance and high reproduction (recruitment rate), roe deer is also the most 
important game-management species in most of the European countries including Slovenia 
(Andersen et al., 1998a; Apollonio et al., 2010). In Slovenia, the population size of roe 
deer is estimated to be >200,000 individuals (Jerina et al., 2010) and the species lives 
nearly over entire country (Stergar et al., 2009). In the period 2006–2016, total annual 
recorded mortality (harvest, road-kill, diseases, etc.) was between 39,599 (in 2007) and 
41,768 (in 2012) individuals (Oslis, 2017). Due to its important hunting and management 
role as well as its impacts on forest and agricultural ecosystems it is crucial that 
management of the species is in accordance with the ecological, economic and socio-
political carrying capacity of the environment (Pokorny, 2008, 2009). In order to perform 
the effective management, it is essential to have relevant information on the basic 
population parameters that shape the population dynamic of the species. One of the most 
important life-history traits determining population dynamic is reproductive performance 
(reproductive success/potential/ability) which can be influenced by various factors.  
The most important parameters of female reproductive performance are primiparity (age of 
the first reproduction), fertility (the ability to produce ova, i.e. to ovulate), litter size and 
sex ratio of offspring. Factors that influence on these parameters can be of different origin, 
as follows: (i) individual: vitality, body mass, age, and genetic characteristics (Borg, 1970; 
Danilkin, 1996; Hewison, 1997; Andersen and Linnell, 2000; Gaillard et al., 2000; 
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Hewison and Gaillard, 2001; Focardi et al., 2002; Kjellander et al., 2004; Macdonald and 
Johnson, 2008; Hamel et al., 2009; Flajšman et al., 2013, 2014, 2017a; Lombardini et al., 
2017); (ii) population: density, demographic structure and genetic characteristics of 
populations (Hewison, 1997; Andersen and Linnell, 2000; Focardi et al., 2002; Nilsen et 
al., 2009; Flajšman et al., 2017c.); and/or (iii) environmental: weather conditions, 
landscape structure and habitat quality (Nilsen et al., 2004; Toïgo et al., 2006; Gaillard et 
al., 2013; Lombardini et al., 2017). Since phenotype of ungulate females strongly 
influences their reproductive performance (reviewed in Flajšman et al., 2013), individual 
quality (expressed as a body size or body mass) and female age are predominant influential 
factors driving also the reproductive success (see also Nussey et al., 2011). 
Body mass as a proxy of individual condition and quality is particularly informative in roe 
deer – an income breeder with few available body reserves (e.g. Andersen et al., 2000) – 
and is one of the most important determinants of life-history variation in this species (see 
Andersen et al., 1998a). Body mass may affect a number of different components of roe 
deer reproductive potential: (i) It pivotally impacts reproductive maturity of females 
(Andersen and Linnell, 2000). To reach puberty and breed for the first time females have 
to reach a threshold body mass (Gaillard et al., 2000) but the first reproduction in this 
species usually occurs before does have reached their full body size (Mauget et al., 2003). 
(ii) Both in subadults and adults, ovulation probability is higher in heavier females either at 
individual scale, i.e. within populations (reviewed in Flajšman et al., 2013), or when 
comparing average body masses among populations (Flajšman et al., 2017c.). Heavier 
females also have larger litters and produce more offspring (Danilkin, 1996; Andersen and 
Linnell, 2000; Hewison and Gaillard, 2001; Focardi et al., 2002; Macdonald and Johnson, 
2008; Flajšman et al., 2014, 2015, 2017a; Lombardini et al., 2017; reviewed in Flajšman et 
al., 2013), and ability to carry more than one embryo/foetuses generally requires reaching a 
threshold body mass (Focardi et al., 2002; Flajšman et al., 2014). Moreover, since body 
mass determines the time of the first reproduction, its positive effect is the most 
pronounced in primiparous does (Andersen and Linnell, 2000). 
Body mass also affects the level of maternal care that females invest in offspring both 
during prenatal care (all the energy a mother invests in development of foetuses) and 
postnatal care (the energy investment of lactating does); heavier does usually show a 
higher level of maternal care, i.e. higher input into mass growth of all offspring (Andersen 
et al., 2000). Maternal phenotype (especially body mass) also influences the sex ratio of 
the offspring in roe deer (Wauters et al., 1995; Hewison and Gaillard, 1996, 1999; 
Hewison et al., 1999a; Macdonald and Johnson, 2008). According to the hypothesis of 
Trivers and Willard (1973), females should vary the sex ratio of offspring in relation to 
their body condition: females in better body condition should invest more into male 
offspring, and females in poorer body condition more in female offspring. On the other 
hand, the local resource competition theory suggests that mothers in poorer condition 
invest more into the sex of offspring which will probably disperse from the natal area, and 
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these are usually males (Clark, 1978). Findings on correlations between female roe deer 
body mass and offspring sex ratio are, however, contradictory: while some studies (e.g. 
Wauters et al., 1995) confirmed the existence of Trivers and Willard (1973) theory also in 
this species, some others (e.g. Hewison and Gaillard, 1996, 1999; Hewison et al., 1999a) 
found the opposite results, i.e. that heavier females at average produced more daughters 
which is in accordance with the local resource competition theory (see Hewison and 
Gaillard, 1996). Moreover, study of primary and secondary sex ratio suggested that 
producing gender-mixed litters is the most optimal life strategy of roe deer (Macdonald 
and Johnson, 2008). Indeed, in roe deer as an income breeder, females do not carry fat 
reserves for reproduction (e.g. Andersen et al., 2000); since conditions during lactation are 
unpredictable, a tendency for mixed pairs might allow greater flexibility of does to 
optimise investment during lactation and balance energy that is needed for the growth of 
fawns after parturition (Macdonald and Johnson, 2008).   
Besides body mass, also female age is one of predominant factors driving the reproductive 
success (see Nussey et al., 2011). In long-lived mammals, costs of reproduction may vary 
with the age, and both body mass and the reproductive effort change during the lifetime. 
Roe deer females usually produce their first offspring before they reach their full body size 
(Mauget et al., 2003). As such, primiparous does invest their resources primarily into 
continued body growth (Hewison et al., 2011). With ageing, body mass may decline due to 
the senescence of physiological functions and decreasing foraging ability (Nussey et al., 
2011, 2013), resulting from advancing tooth-wear (Carranza et al., 2004; Skogland, 2006). 
However, in older animals the reproductive output can be modulated by two opposite 
processes. The terminal investment hypothesis predicts greater reproductive effort as 
females approaching the end of their life (Clutton-Brock et al., 1982; Morin et al., 2016), 
while the senescence hypothesis predicts decreased reproductive performance in older age 
(Bérubé et al., 1999). Therefore, the reproductive output may either decline due to the 
same senescence (ibid.) or may actually increase either due to selection (assuming that the 
individuals with higher vitality, i.e. better reproductive performance would survive the 
longest) or due to greater reproductive effort of very old females (Clutton-Brock et al., 
1982; Morin et al., 2016). According to the Life-history theory, mothers have to invest 
more in reproduction as they age (Pianka and Parker, 1975), and older females have fewer 
resources to allocate to reproduction due to physiological decline with ageing (Kirkwood 
and Austad, 2000). It has been reported that in senescent animals of different deer species 
the reproductive ability decreases, i.e. in red deer (Langvatn et al., 1992; Bertouille and 
Crombrugghe, 2002), but also in roe deer either due to a marked decrease in fertility 
(Gaillard et al., 1998), smaller litters (Gaillard et al., 2003) or higher implantation failure in 
senescent females (Borg, 1970; Hewison and Gaillard, 2001). 
Population density can directly and indirectly affect reproductive success through per 
capita availability of resources affecting body condition, social stress, and other 
intraspecific interactions (Hewison, 1996; Couturier et al., 2010; Body et al., 2011). High 
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population density may decrease the number of pregnant does in the population, lead to 
smaller litters (Focardi et al., 2002), and postpone the age of the first breeding (Bonenfant 
et al., 2009). The negative effect of high population density on litter size in roe deer has 
been reported both in temporal and longitudinal analysis by comparing different cohorts 
and/or different populations (Andersen et al., 1998a; Andersen and Linnell, 2000; Focardi 
et al., 2002). 
Roe deer reproduction is unique among artiodactyl species due to the embryonic diapause 
(Short and Hay, 1966; Mead, 1993; Ptak et al., 2012) which enables them to mate and to 
breed in the seasons of the year with favourable conditions (Andersen et al., 1998b). 
Across its pan-European distribution, roe deer faces diverse environmental conditions 
which can indirectly and directly influence reproductive parameters of individuals 
(Andersen and Linnell, 2000). Reproductive performance of ungulates can be affected by 
weather conditions (Bronson, 2009; Rodriguez-Hidalgo et al., 2009; Servanty et al., 2009; 
Bloemhof et al., 2014; Lombardini et al., 2017) directly via effecting female body 
condition or indirectly via changing food availability. In roe deer, species with a limited 
ability of body fat accumulation (Hamel et al., 2009), weather conditions may cause high 
variability in reproductive performance affecting either fertility (Veeroja et al., 2012; 
Gaillard et al., 2013; Lombardini et al., 2017), implantation of the blastocysts and 
consequently litter size (Putman et al., 1996; Hewison and Gaillard, 2001; Nilsen et al., 
2004) and/or sex ratio of new-born fawns (Muri et al., 1999). However, findings on the 
effect of weather on reproductive performance of roe deer females are rather controversial. 
For example, in some areas/populations fertility increased in warmer summers when food 
is generally more abundant (Gaillard et al., 2013), but high temperatures in summer can 
also cause heat stress and lead to a smaller litter size (Veeroja et al., 2012). This may 
particularly hold true in southern Europe where summers are hot and dry, and represent the 
harshest period of the year for roe deer, due to limited precipitation which leads to reduced 
quantity and quality of food (Wallach et al., 2007; Minder, 2012). Particularly summer 
rainfall in the previous year may significantly affect pregnancy rate of roe deer females in 
Sub-Mediterranean areas (Lombardini et al., 2017). Similarly, as harsh weather and/or 
unfavourable climate it is expected that also some other stress-inducing factors may 
influence reproductive performance of roe deer. Impact of stressing factors can be 
expressed in different forms. One of such stress indicators is dental enamel hypoplasia 
(reviewed in Miles and Grigson, 1990), which occurs also in roe deer (e.g. Kiedorf et al., 
1993, 1997; Poličnik et al., 2011; Jelenko, 2011). 
Several studies on roe deer ecology and life-history traits have been performed in different 
European countries (collected in Andersen et al., 1998a; Apollonio et al., 2010; Putman et 
al., 2011), including studies on reproductive performance and factors affecting its 
variability (reviewed in Flajšman et al., 2013). However, to date the majority of studies 
were made within populations or by comparing rather small number of contrasting 
populations (e.g. Hewison and Gaillard, 2001; Gaillard et al., 2003; Macdonald and 
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Johnson, 2008), living in different environments/habitats than roe deer faces in Slovenia. 
Moreover, those studies generally operated on a relatively small sample sets (see Flajšman 
et al., 2017c), therefore results obtained across Europe may also be controversial (i.e. 
reverse effects of summer temperature on reproductive potential of does; see above). 
Importantly, in the majority of previous studies only limited pool of explanatory 
data/variables were available (reviewed in Flajšman et al., 2013). Due to the existence of 
unique, well-developed hunting-information systems in Slovenia as well as great 
cooperation with Slovene hunters, we were able to obtain data that had been missed either 
completely or partially in the former studies. Those data are: (i) on the more precise age of 
animals (previous studies generally distinguished only yearlings from adults), enabling 
more relevant insight into the age-related differences, i.e. for testing the presence of either 
terminal or senescent hypothesis in roe deer; (ii) on the exact culling locations and hence 
on environmental conditions in a high spatial resolution; therefore, assessment of the 
influence of environmental factors on reproductive performance of roe deer females, which 
has not been tested in a micro- or mezzo-geographic scale so far, was possible by our 
dataset; (iii) on body mass of does and their fawns culled together in a late phase of 
lactation, allowing the insight into the influence of maternal body condition on sex ratio of 
fawns and on reproductive investment in an advanced stage of the reproduction.  
Despite the unique and very valuable databases on ungulates, which have been developed 
in Slovenia (see Pokorny et al., 2016a, 2016b), there was almost no systematic research on 
roe deer biology and life-history traits of the species in the past. Consequently, before this 
study there had been no data available on the reproductive performance of roe deer which 
would enable understanding the population dynamics of the species in the country. For the 
most optimal population management, it is therefore crucial to gain new knowledge about 
roe deer reproductive potential predetermining recruitment rates and their variability. 
Because of the outstanding landscape and ecological heterogeneity of Slovenia and 
consequent huge variability of influential factors it is important to determine the impacts of 
individual, population and environmental factors on reproductive performance of roe deer 
females both in Slovene as well as in pan-European perspective. Indeed, by this 
study/doctoral dissertation we importantly contributed to the following scientific and 
management issues: (i) to better understand variability in reproductive performance of roe 
deer females both within sub-populations in Slovenia (by collecting and analysing our own 
data) as well as in a pan-European context (by meta-analysis of findings from several 
studies that have been performed in different European countries); (ii) to acquire new 
knowledge on the importance of different influential factors shaping the reproductive 
performance of roe deer females, i.e. by exploring large potential of Slovene databases 
enabling also employment of previously poorly used explanatory variables (i.e. more 
precise age classification, environmental analysis in a high spatial resolution); (iii) to 
prepare firm basis for implementation of data on reproductive performance of roe deer 
females in a routine monitoring of population status which will enable better management 
of roe deer population(s) in the future.  
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2 AIMS AND HYPOTHESES 
The main aims of the study were as follows: 
• to quantify the reproductive parameters (fertility, potential litter size – based on the 
number of corpora lutea (CL) in ovaries, and number and sex ratio of 
embryos/foetuses) of female roe deer in Slovenia and their variability;  
• to determine the effects of key individual, population and environmental factors on 
reproductive performance of roe deer females, with the emphasis on body mass, 
maternal age, weather conditions and selected factors of habitat quality; 
• to estimate reproductive ability of female roe deer in different regions of Slovenia; 
• to determine sex ratio of fawns in an advanced stage of maternal reproductive 
investment (in autumn, at the end of lactation) in relation to mothers’ vitality (body 
mass); 
• to evaluate reproductive performance of roe deer females in a pan-European scale 
by meta-analysis of previously published data.  
 
We tested the following hypotheses: 
• Reproductive potential of female roe deer is affected by various individual, 
population and environmental factors, and varies among different areas of Slovenia. 
It is primarily influenced by body mass and age of mothers. 
• Variability in reproductive potential is higher in yearlings than in adult does.  
• There is a pronounced inter-annual variability in reproductive potential of roe deer 
females, which is the result of different weather conditions affecting mean body 
masses of females among years. 
• Sex ratio of offspring depends on maternal phenotype, especially body mass. 
Heavier females in better physical condition compared to other females produce 
more female offspring. 
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3 LITERATURE REVIEW 
3.1 ROE DEER REPRODUCTION 
Like numerous mammal species living in temperate climates, roe deer is a seasonal 
breeder. However, the species is unique among Artiodactyla due to several characteristics. 
Regarding the reproduction, it differs from other cervids (deer species) of the northern 
temperate zone as the mating season (the rut) in roe deer occurs already in the mid-
summer. In almost all other boreal cervids, the mating season occurs in autumn, i.e. in 
October and November (Andersen et al., 1998a). Roe deer also exhibits embryonic 
diapause – a delayed implantation (Short and Hay, 1966; Mead, 1993; Renfe and Shaw, 
2000). As a consequence, the gestation period lasts as long as about 10 months, beginning 
with the rut in late July or early August and finishing with littering in the April–June 
period (Short and Hay, 1966) (Figure 1).  
 
Figure 1: Reproductive cycle of roe deer. 
Slika 1: Shema cikla brejosti samic srnjadi. 
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Roe deer females (the does) undergo embryonic diapause delaying the implantation of the 
blastocyst(s) by five months (Short and Hay, 1966; Aitken, 1974). Diapause occurs from 
the early August (after the rut; in Slovenia, the rut starts around 20th July and ends around 
20th August (Krže, 2000)) to late December. During the process of embryonic diapause, the 
blastocyst enters a period of diapause at the 20-30-cell stage (Lambert et al., 2001). The 
size of blastocyst in this stage is only 1 to 5 mm in diameter, but during the first two weeks 
of January a normal rate of embryonic growth is resumed and the blastocyst rapidly 
elongates (Aitken, 1974). The blastocyst undergoes a low level of mitosis during the last 
six weeks of diapause and reactivates at approximately the 100-cell stage (Lambert et al., 
2001). After the elongation, the blastocyst is attached to placenta, following a further five 
months of normal gestation (Aitken, 1974). Various factors could be associated with the 
reactivation of the blastocyst from diapause including environmental cues, changes in the 
profile of maternal hormones or secretion of biochemical signals by the endometrium or 
conceptus (Andersen et al., 1998a; Lambert et al., 2001).  
Embryonic diapause was documented in almost 100 species of mammals from seven 
different orders (Marsupialia, Insectivora, Chiroptera, Edentata, Carnivora, Rodentia and 
Artiodactyla) (Mead, 1993; Renfe and Shaw, 2000). In some groups such as mustelids 
(Mustelidae) and seals (Pinnipedia) it is quite common, but among Artiodactyla roe deer is 
the only species known to use embryonic diapause as a reproductive strategy (Andersen et 
al., 1998a; Renfe and Shaw, 2000). Roe deer, the most abundant European ungulate, has a 
very large distribution range spanning up to northern Norway (Andersen et al., 1998a; 
Apollonio et al., 2010). It is probable that delayed implantation, which appears to be a 
secondary sexual adaptation, allows roe deer to successfully reproduce also there, i.e. by 
enabling females to mate during the favourable season (summer) and also to give birth in 
spring, at the best time for the survival of fawns (Andersen et al., 1998a).  
Due to a high energy expenditure of females in embryo development and lactation 
(Hewison and Gaillard, 2001; Hewison et al., 2011), timing of births should overlap with a 
short period of optimal forage availability. Therefore, in similar ecological conditions roe 
deer express high synchrony of parturition, and in one year almost all births occur within 
20-30-day interval and more than half of births occurs within 2-week period (Gaillard et 
al., 1993; Andersen and Linnell, 1997). Within populations, there is only a slight inter-
annual variation in modial date of parturition, despite that the timing of births is influenced 
by the weather conditions (especially temperature) during the gestation period (Linnell and 
Andersen, 1998b). Mean date of parturition depends also on geographic position with the 
earliest births in the Mediterranean zone (Spain and central Italy) followed by the Western 
Europe (France, Germany, coastal Norway), while the latest births are in Alpine areas and 
in south-eastern Scandinavia (Denmark, Hedmark in Norway and southern Sweden) 
(ibid.). In southern Spain, the majority of roe deer fawns are born in April and in 
Mediterranean parts of Italy in the beginning of May. In England, this period is between 
11th and 22th May, in western France around 15th May, on western islands of Norway 
around 22th May, in Bavaria around 23th May, in Denmark between 29th May and 10th 
June, and in Tirolian Alps around 13th June (reviewed in Linnell and Andersen, 1998). As 
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there are no relevant data on synchrony of roe deer parturition in Slovenia, we assumed 
similarly as Pokorny (2003) the 18th May as an average birth date. This date was adopted 
as an average between the modial birth date in Mediterranean climate (France) and in 
boreal environment of Norway.  
Not only females but also male roe deer are an exception among European cervids as they 
cast their antlers in autumn (November, December) and start to grow new set in January, 
whereas in all other boreal cervids antlers grow in spring and summer (Short and Mann, 
1966; Sempere et al., 1992; Andersen et al., 1998a). Roe deer males (bucks) are strongly 
territorial (Bramley, 1970; Vanpe, 2009; Wahlstrom, 2013). The territorial behaviour in 
male roe deer starts in late winter or in early spring and last until after the rut (Short and 
Mann, 1966; Bramley, 1970; Andersen et al., 1998a). During winter, the process of 
spermatogenesis is completely inhibited in this species. The testes are at their most inactive 
state in January, when there is no spermatogenetic activity and a very low content of 
testosterone (Short and Mann, 1966). The spermatogenesis usually begins again in May. 
The highest level of spermatogenesis coincides with the period of rut in females (Semperé 
et al., 1998; Göritz et al., 2003; Koziol and Koziorowski, 2013).  
Most female cervids are seasonally polyoestrous while female roe deer are monoestrous, 
i.e. they have only one oestrous cycle per year (Andersen et al., 1998a). Period of sexual 
activity of roe deer males is long (7 months) compared to most temperate zone cervids. 
However, the actual breeding season is very short due to monoestrous females that can be 
fertilized only within 36 hours (Strandgaard, 1972a). 
There are several data on reproductive performance of roe deer females, i.e. fertility (the 
ability to produce ova, i.e. to ovulate), potential litter size (number of corpora lutea or 
number of embryos/foetuses), actual litter size (number of new-born fawns) and sex ratio 
of offspring from different parts of Europe (reviewed in Flajšman et al., 2013). Breeding 
proportion of female roe deer in a population is generally high (Danilkin, 1996), and it 
exhibits low year to year variation (Gaillard et al., 2000). The mean fertility of roe deer 
females from different study sites around Europe averaged 86.0 ± 2.4 %, and was higher in 
adults (89.6 ± 1.5 %) than in subadults (76.9 ± 3.3 %) (Flajšman et al., 2017c).  
Most does produce twins and more rarely singletons and triplets (Danilkin, 1996; Andersen 
et al., 1998b). Usually, triplets are more common in Scandinavia, and northern populations 
have larger litters than southern ones (Andersen et al., 1998a; Andersen and Linnell, 2000). 
There are also some reports on larger litters with quadruplets (reviewed in Stubbe et al., 
1982), and even some cases of five corpora lutea or five foetuses per females were 
registered in Italy and Slovenia (Flajšman et al., 2017b). However, such cases are very 
much an exception in roe deer reproduction and do not suggest higher vitality of mothers 
carrying such litters but are rather stochastic events (ibid.). Based on data from 29 studies 
covering 61 populations in 15 European countries, does had on average 1.79 ± 0.03 
foetuses/embryos/corpora lutea per pregnant female, and mean litter size was significantly 
lower in subadults (1.61 ± 0.05) than in adult does (1.90 ± 0.04) (Flajšman et al., 2017c). 
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3.2 METHODS OF MEASURING ROE DEER REPRODUCTIVE 
POTENTIAL 
Reproductive potential of roe deer females has been determined in various studies across 
Europe (reviewed in Flajšman et al., 2013; Flajšman et al., 2017c). In these studies, 
different methods and approaches have been used; the most common of them are presented 
below.  
3.2.1 Counting of corpora lutea 
In histological analysis of ovaries, luteal structures and their various regressing stages are 
the main source of information for determining parameters such as oestrus periods, 
ovulation rates and previous breeding events (Langvatn, 1992). During the embryonic 
diapause, i.e. in the early stage of pregnancy before the implantation of blastocysts (usually 
in January) and before any embryo/foetus is visible, the most convenient method to detect 
fertility (potential pregnancy) and potential litter size is the examination of ovaries and 
determination of the presence of corpora lutea and their numbers (Ratcliffe and Mayle, 
1992). The corpus luteum is a hormone-secreting gland which develops inside the ovary, 
after a mature egg (ova) is released from an ovarian follicle. Occurrence of corpora lutea in 
ovaries of various deer species is therefore useful for assessing oestrus and estimating 
ovulation rates (Strandgaard, 1972a; Ratcliffe and Mayle, 1992; Langvatn et al., 1994). In 
roe deer, the number of corpora lutea reflects the potential number of offspring per doe 
(Strandgaard, 1972a), i.e. in the case when all released ova would be fertilized. However, it 
has to be taken into account that there can be some deviations due to implantation failure 
or resorption of embryos (see chapter 3.2.2). 
This method was used in several studies to measure reproductive potential of roe deer 
females in different European countries (e.g. Denmark: Strandgaard, 1972a, 1972b; 
Sweden: Wahlström and Kjellander, 1995; United Kingdom: Hewison, 1996; Hewison and 
Gaillard, 2001). Usually, the ovaries are collected from shot animals and are stored in 
dilute (4–5 %) formalin solution (Strandgaard, 1972a; Hewison, 1996; Nikolandić and 
Degmečić, 2007), but can also be deeply frozen immediately after the cull (Flajšman et al., 
2014, 2017a). Subsequently, the ovaries are dissected and the presence and the number of 
corpora lutea can be detected by macroscopic inspection. 
It is very common that studies on roe deer reproductive potential use samples collected 
during the regular hunting operations which abolish any hesitation considering ethical 
issues of sample collection. In the majority of (central) European countries, including 
Slovenia, hunting season on roe deer females (September – December) overlaps with the 
period of embryonic diapause, therefore counting of corpora lutea is the only possible 
method that can be used in a large sample set of collected material, i.e. in samples that are 
collected routinely during regular hunting episodes.  
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3.2.2 Counting embryos/foetuses 
Normally, roe deer embryos start to develop in the end of December or beginning of 
January (Andersen et al., 1998a). Therefore, when the samples are obtained during this 
period (January – May), counting of embryos/foetuses can be performed. In later stages 
(generally from mid-February onward) also determination of the sex of foetuses is possible 
(e.g. Strandgaard, 1972a; Hewison, 1996; Focardi et al., 2002). Foetuses >5 cm in length 
can be sexed; females have a clearly recognisable genital opening just under the anus, 
while in male embryos only the anus is visible (de Crombrugghe et al., 1989). 
During this period, corpora lutea are still present in ovaries, therefore simultaneous 
counting of both corpora lutea and embryos/foetuses in the same females enables to 
investigate the implantation failure – the difference between the number of corpora lutea 
and the number of embryos/foetuses. This variable describes the non-implantation of 
fertilized blastocysts, but may also include some early embryonic mortality through 
resorption of embryos, although this is rare in roe deer (Hewison and Gaillard, 2001). 
Resorption (abortion) of foetuses is particularly low in healthy animals, in which it is 
generally in the order of 1–4 %, though it may be as high as 9–22 % among sick 
individuals (Borg, 1970; Danilkin, 1996). 
The information on embryonic loss due to implantation failure is important for the 
evaluation of the accuracy of corpora lutea counts method (Strandgaard, 1972a). Although 
the implantation failure is generally low in prime-age does (Hewison and Gaillard, 2001), 
and is very low in central Europe regardless the age of the animals analysed (e.g. Slovenia: 
6.0 %; Italy: 8.6 %; Flajšman et al., 2017b), it may be influenced by some intrinsic and 
external factors: the implantation process and definition of embryos are limited mainly by 
senescence and climatic severity (Hewison and Gaillard, 2001). For example, poor weather 
conditions, especially in the period of embryonic diapause, affect the implantation of the 
blastocyst(s) and consequently the litter size (Putman et al., 1996; Hewison and Gaillard, 
2001; Nilsen et al., 2004). However, although there was a pronounced inter-annual 
variability in the pooled sample-set (range: 3.6–19.8 %), almost neglected (<5 %) 
implantation failure was found in yearlings (but not in adults) in Tuscany, central Italy 
(Chirichella et al., 2017). This indicates that in primiparous does, in which reproductive 
potential is otherwise very variable (see up-following sections), counting of corpora lutea 
accurately reflects also the litter size and hence the variability in the reproductive ability.   
3.2.3 Observing radio-collared females and counting their fawns 
After the parturition, reproducing status of roe deer females (i.e. producing fawns or not) 
can be also determined by closely following radio-collared does and observations of their 
behaviour (e.g. Andersen and Linnell, 2000). In spring, counting of new-born fawns can be 
performed (Andersen and Linnell, 2000; Focardi et al., 2002). However, the neonatal 
mortality has to be taken into account when using this method to estimate the reproductive 
performance of roe deer. 
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3.2.4 Other methods 
To assess pregnancy rates and litter size of captured does, Gaillard et al. (2003) used 
ultrasonic scanner. Captured does were anaesthetized and pregnancy and the number of 
embryos were determined by ultrasonography. Although very precise, this method cannot 
be widely used neither in routine monitoring nor in studies operating on adequately large 
sample set. 
3.3 FACTORS AFFECTING ROE DEER REPRODUCTIVE POTENTIAL 
There are several factors that shape the life-history traits and cause high variability in some 
of the most important parameters of reproductive success in roe deer. Factors affecting the 
reproductive potential of roe deer include individual (particularly maternal phenotype, i.e. 
body size, body mass, physical condition), population (e.g. population density, 
demographic structure, social stress, genetics) and environmental characteristics (habitat 
quality, weather conditions, interspecific interactions, etc.) (see Table 1). During 
preparation of the doctoral thesis we have already prepared and published review of the 
most important influential factors determining reproductive potential of roe deer females 
(Flajšman et al., 2013). As this review represents an important part of the dissertation and 
is of crucial importance for understanding the reproductive performance of roe deer 
females and its variability, we are including the most important parts of the paper in 
summarized form also in this chapter; however, we are updating our previous findings also 
by several new information which were reviewed in three of our recent papers (Flajšman et 
al., 2017a, 2017b; Flajšman et al., 2017c).   
Apart from individual characteristics (determining physical condition) of does that have a 
very important influence on their reproductive performance (e.g. Gaillard et al., 1992, 
2000; Hewison, 1996; Hewison and Gaillard, 2001; Kjellander et al., 2004a, 2004b; 
Macdonald and Johnson, 2008; Hamel et al., 2009a, 2009b; Flajšman et al., 2014, 2017a; 
Lombardini et al., 2017), also population density (e.g. Hewison, 1996; Kjellander, 2000; 
Andersen and Linnell, 2000; Focardi et al., 2002; Nilsen et al., 2009; Flajšman et al., 
2017c) and different environmental factors (Kałuziński, 1982; Nilsen et al., 2004; Toïgo et 
al., 2006; Gaillard et al., 2013; Lombardini et al., 2017) are also very important. 
Usually, the factors affecting roe deer reproductive potential have influence on each other 
and have mutual effect on reproduction. For example, environmental factors can influence 
individual factors (e.g. body mass, size and physical condition of does), which 
consequently have an effect on the number of fertilized ovulations, litter size and fawn sex 
ratio. Individual factors can be shaped by population parameters (especially population 
density), and their effect can differ according to the demographic structure of a population. 
The actual reproductive potential is the cumulative result of many different factors and 
interactions between them, and therefore differs among different environments (Figure 2). 
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Figure 2: Overlap of various factors influencing the reproductive potential of roe deer (Flajšman et al., 2013: 5). 
Slika 2: Preplet dejavnikov, ki vplivajo na razmnoževalni potencial srnjadi (Flajšman in sod., 2013: 5). 
3.3.1 Individual factors 
3.3.1.1 Body mass 
Body mass is one of the most important determinants of life-history variation in roe deer 
(Andersen et al., 1998b). The effect of body mass on reproductive potential of roe deer 
females has been studied in several populations across Europe (e.g. Gaillard, 1992; 
Hewison, 1996; Andersen and Linnell, 2000; Focardi et al., 2002; Macdonald and Johnson, 
2008; reviewed in Flajšman et al., 2013). Studies revealed that within populations ungulate 
females of better than average phenotypic quality express higher fertility, they ovulate 
more readily and in greater numbers (Hewison and Gaillard, 2001; Bonenfant et al., 2009). 
Besides in roe deer (e.g. Hewison and Gaillard, 2001; Focardi et al., 2002), such pattern 
was observed also in red deer (Borowik, 2014; Borowik et al., 2016), reindeer (Rangifer 
tarandus) (Gerhart et al., 1997), Alaskan caribou (R. tarandus granti) (Adams and Dale, 
1998), moose (Testa and Adams, 1998), sheep breed of Scottish Blackface ewes (Gunn and 
Doney, 1975), and wild boar (Sus scrofa) (e.g. Servanty et al., 2009; Jelenko et al., 2014). 
Patterns of reproductive output are, according to Hewison and Gaillard (2001), a result of a 
two-stage process. At the beginning, body mass sets an upper limit of potential litter size at 
a conception, as it impacts the number of fertilized ovulations. However, body mass has no 
effect on the proportion of fertilized ovulations that are actually implanted. The 
implantation process and definition of embryos are limited (and hence determined) mainly 
by senescence and climatic severity (ibid.). 
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Hewison and Gaillard (2001) studied reproductive potential of roe deer females (by 
counting the number of corpora lutea in ovaries) in nine populations in Great Britain. In all 
but one of the populations, the does carrying more than one corpora lutea were 
significantly heavier than does with one corpus luteum. In six of seven populations, 
potential litter size increased proportionally with increasing doe body mass. In highly 
productive population with better phenotypic quality (higher body masses, better 
condition) in Alice Holt, all females (n = 74) produced at least two corpora lutea, and six 
produced three. In the poorest of populations (Queens), all does (n = 15) produced only 
one corpus luteum. In study from England and Wales (Macdonald and Johnson, 2008), the 
tendency for producing twins increased proportionally with body mass of roe deer does. 
The majority (72 %) of pregnancies were twins, followed by 26.6 % of singletons and 
1.4 % of triplets. In roe deer population from the central part of Italy, the potential litter 
size depended on female body mass, and a threshold of 20.9 ± 1.4 kg (alive body mass) 
separated adult females carrying one or two embryos (Focardi et al., 2002). Almost no 
adult female had two embryos if its body mass was lower than 20 kg, and almost every 
female carried two embryos if their body mass exceeded 23 kg (ibid.).  
Similar results were found in Scandinavia, where reproductive status was determined by 
following radio-collared does in spring and marking new-born fawns. Does with above 
average body mass appeared to have 40 % higher productivity (expressed as a number of 
fawns per doe) than those with a below average body mass. Heavier females (alive body 
mass: 30.5 ± 1.7 kg) produced on average 2.7 ± 0.5 fawns, whereas the same figure for 
lighter females (27.3 ± 1.3 kg) was 1.6 ± 0.5 fawns (Andersen and Linnell, 2000).  
Besides fertility and litter size, body mass affects also some other parameters of 
reproductive potential. In mammals, the beginning of the first oestrous is generally 
strongly correlated with body mass or growth rate (Gaillard et al., 1992). In roe deer, body 
mass sets the beginning of the first reproduction and therefore it has a marked effect on 
primiparity of does, with heavier females generally start with the reproduction earlier 
(Gaillard et al., 1992; Andersen et al., 1998a; Andersen and Linnell, 2000).  
Apart from roe deer, the connection between the onset of the first reproduction and body 
mass was reported in many other ungulate species, e.g. in red deer (Hudson et al., 1991; 
Cook et al., 2004; Borowik, 2014), white-tailed deer (Odocoileus virginianus) (DelGiudice 
et al., 2007), wild boar (Servanty et al., 2009; Jelenko et al., 2013), domestic sheep (Ovis 
aries) (Weladji et al., 2003), etc. The probability that red deer yearlings become pregnant 
is connected with their body mass (Hudson et al., 1991; Bertouille and Crombrugghe, 
2002; Cook et al., 2004; Borowik, 2014). Hudson et al. (1991) reported that wapiti (Cervus 
elaphus nelson) hinds are able to reproduce when they reach 65–70 % of adult body mass. 
Cook et al. (2004) measured mean body mass of non-pregnant and pregnant red deer (elk) 
females from the same area in northeast Oregon in the year 1997. Mean live (non-
eviscerated) body mass of non-pregnant hinds was 160.7 kg (in September, before the rut) 
and 172.0 kg (in November, after the rut), while the mean body mass of pregnant hinds in 
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the same two periods reached 184.8 kg and 193.2 kg, respectively. In contrast to adult 
hinds, red deer yearlings have significant variations in fertility. For example, in five study 
areas in Belgium, fertility of yearlings varied from 0.48 to 0.91 (Bertouille and 
Crombrugghe, 2002). All females with a body mass (eviscerated body mass with head and 
feet on) lower than 44 kg were infertile, while nearly all females with a body mass above 
59 kg were fertile. Therefore, a 47 kg yearling had a probability of 0.50 to be fertile, while 
this probability increased to 0.90 when the body mass reached 58 kg (ibid.). Similarly, 
pregnant red deer yearlings from three study areas in north-eastern Poland were on average 
5.7 kg heavier than non-pregnant ones (Borowik, 2014), and in Slovenia such difference 
between pregnant and non-pregnant red deer yearlings was almost 5.0 kg (Jelenko et al., 
2013). In the case of Norwegian domestic sheep, Weladji et al. (2003) reported that 
juvenile body mass before oestrus is a good predictor of the probability of successful 
lambing in primiparous sheep.  
The age of sexual maturity and primiparity is correlated with body mass (Gaillard et al., 
2000), but at the same body mass prime-aged females have higher probability to ovulate 
than yearlings (Garel et al., 2009). In roe deer, before the first reproduction females have to 
reach a threshold body mass (Gaillard et al., 2000). However, once the threshold body 
mass is achieved, does are able to reproduce in the following years irrespectively of their 
body mass (Flajšman et al., 2014). Andersen and Linnell (2000) did not find significant 
differences in body mass between adult does that produced fawn(s) and non-producers. 
Yet, such differences were observed in yearlings (Hewison, 1996). In most populations of 
roe deer it was generally found that nearly all females older than two years ovulate and 
produce fawns; however, in populations where body masses are low (<20 kg of alive body 
mass), the age of the first reproduction can be prolonged to three or four years (Gaillard et 
al., 1992; Andersen et al., 1998a). Similarly, in moose young females reproduce only when 
they reach enough high body mass covering the potential costs of reproduction, whereas 
adults reproduce almost irrespective of their body mass (Garel et al., 2009).  
Body mass also affects the level of maternal care that females invest in offspring. Prenatal 
care is all the energy a mother invests in the total body mass of a litter (the average mass of 
an offspring multiplied by the number of offspring), and postnatal care is the energy 
investment of lactating does, measured as the sum of the average daily growth of fawns 
during the first four weeks after parturition (Andersen et al., 2000). Reported average birth 
masses of roe deer fawns which are closely related to the mother’s body mass are between 
1,310 g and 1,880 g and vary among different regions (Andersen et al., 1998a). Prenatal 
care is related to litter size, and as litter size depends on maternal body mass (Hewison and 
Gaillard, 2001) important changes in prenatal care among does with different body mass 
can be observed. Heavier does show a higher level of prenatal care, i.e. higher input into 
mass growth of all embryos. For example, in roe deer population from the Norwegian 
island of Storfosna, by increasing litter size from one to two fawns, doe increased their 
mean prenatal care by 1,490 g, and when comparing does with single fawns and does with 
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triplets, mean prenatal care was increased by 2,690 g (Andersen et al., 2000). In three 
Belgian populations, Wauters et al. (1995) found that heavier adult does produced larger 
foetuses than lighter or primiparous females. Moreover, mother’s body mass (and age) 
significantly affected the proportion of male foetuses in a litter. During embryonic 
development, male foetuses grew faster than female siblings; they were also bigger in size 
and weighed more than female foetuses. Absolute differences in body mass between 
siblings (twins and triplets) were larger when foetuses were of different sex 
(x ± SD = 5.33 ± 6.93 g) than when they were of the same sex (x ± SD = 0.95 ± 1.12 g). 
Obviously, female body mass is an important driver of roe deer reproductive performance. 
However, body mass may be affected by different environmental as well as population 
factors, e.g. by the demographic structure of populations which may in turn have a great 
impact on the reproductive ability of roe deer females (Fruzinski and Labudzki, 1982; 
Kjellander et al., 2004b; Hamel et al., 2009b; Degmečić et al., 2010). 
3.3.1.2 Age 
In the majority of large herbivores, primiparity is generally at two or three years of age, but 
in some small- or medium-sized species, such as roe deer, females can breed during their 
first year. After the first reproduction, in most species females attempt to reproduce every 
year but in some populations females will not conceive for 1–2 years after weaning an 
offspring (Gaillard et al., 2000). Roe deer are distinguished from other cervids by their 
high level of reproduction reflected in an early sexual maturity (Danilkin, 1996). Mating of 
roe deer occurs in late summer (Andersen, 1998) therefore the most common age at first 
breeding is around 15 months. Consequently, most does produce their first offspring at two 
years of age, i.e. before they have reached their full body size (Mauget et al., 2003). 
Exceptions are populations where body masses are low; there, the age of the first 
reproduction can be prolonged to three or four years (Andersen et al., 1998a). 
Female body mass during the rut is often the proximate factor of variation in age at first 
breeding. In roe deer, before the first reproduction females have to reach threshold body 
mass (Gaillard et al., 2000). Gaillard et al. (1992) even suggested that body mass of female 
roe deer measured in winter preceding mating season could be used to predict the 
probability of pregnancy for females in the second year of life (20 months of age) but not 
for older does. Compared to adult females, yearlings have lower breeding success 
(Hewison and Gaillard, 2001; Lombardini et al., 2017), and their variability in reproductive 
potential is higher. Age and age-related effects of body mass influence not only the ability 
of roe deer does to reproduce, but they also cause the variability in the number of offspring 
that they can have. Generally, young, primiparous females have smaller litters than adult 
ones (Hewison, 1996).  
In long-lived mammals, costs of reproduction may vary with the age and both body mass 
and reproductive effort change during the animal’s lifetime. With ageing, body mass may 
decline due to the senescence of physiological functions and decreasing foraging ability 
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(Nussey et al., 2011). However, the reproductive output may either decline due to the same 
senescence (Bérubé et al., 1999) or may actually increase, in accordance with the terminal 
investment hypothesis which predicts greater reproductive effort as females approaching 
the end of their life expectancy (Clutton-Brock et al., 1982; Morin et al., 2016).  
According to Life-history theory, mothers have to invest more in reproduction as they age 
(Pianka and Parker, 1975), and older females have fewer resources to allocate to 
reproduction due to physiological decline with ageing (Kirkwood and Austad, 2000). It has 
been reported that in senescent animals of different deer species the reproductive 
rate/output decreases, i.e. in red deer (Langvatn, 1992; Bertouille and Crombrugghe, 2002) 
and fallow deer (Dama dama) (Langbein and Putman, 1992). On the other hand, there was 
no observed evidence of senescence relative to fertility in adult white-tailed deer 
(DelGiudice et al., 2007). In roe deer, also a decline in reproductive rate with the age has 
been reported – either due to an overall decrease in fertility (Gaillard et al., 1998), smaller 
litters (Gaillard et al., 2003) or higher implantation failure in senescent females (Borg, 
1970; Hewison and Gaillard, 2001).  
The actual litter size may differ from the potential one, determined on the basis of corpora 
lutea counts, due to several reasons. The difference between the number of corpora lutea 
and the actual number of embryos is a result of implantation failure of the fertilized 
blastocyst(s) in mid-winter and/or resorption of the embryo(s)/foetus(es) during pregnancy 
(Danilkin, 1996). Previous studies revealed age-related differences in the incidence of 
implantation failure. For example, Hewison and Gaillard (2001) reported that implantation 
failure in nine roe deer populations in Great Britain was higher among primiparous does 
compared to prime-age ones, however it was the highest within senescent does. Similar 
increase of implantation failure with the age was observed in Sweden (implantation failure 
of 6.2 % for yearlings, 5.8 % for does aged 2–4 years, 11.2 % for does aged 5–6 years, and 
21.1 % for does 7 years or older, respectively; Borg 1970). Daniklin (1996) reported that in 
healthy adult roe deer losses due to resorption are minimal, generally in the order of 1–
4 %, though they may be as high as 9–22 % among sick individuals. Rhodes et al. (1992) 
observed higher implantation failure among primiparous (yearlings) of white-tailed deer 
does compared to older animals, but did not test for a senescence effect. On the contrary, in 
Italy (Tuscany) roe deer yearlings had significantly lower implantation failure compared to 
adults (Chirichella et al., 2017). This may be due to the fact that young does have to reach 
a threshold body mass to ovulate (Gaillard et al., 2000), i.e. yearlings in a poor vitality do 
not invest even into the early stage of the reproduction. Indeed, only better developed 
yearlings which would be able to invest more into the reproduction also in the latter stages 
enter the reproductive process (Hewison, 1999), therefore their implantation failure is 
lower. On the contrary, almost all adult does do ovulate (Andersen and Linnell, 2000; 
Flajšman et al., 2017) but afterwards they balance their reproductive investment according 
to their vitality, therefore individuals with a lower vitality (lower body mass) may 
experience lower implantation success (Chirichella et al., 2017)       
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3.3.2 Population factors 
3.3.2.1 Population density 
Although ecological capacity of the habitat and abiotic factors may limit population 
density of roe deer through their effects on reproduction, mortality and migration 
(Danilkin, 1996), roe deer populations in Europe were increasing in both density and 
distribution during the 20th century (Andersen and Linnell, 2000). Roe deer is a species 
with great population growth potential in an environment without predators and hunting 
(Vincent et al., 1995; Andersen and Linnell, 2000). It is adapted to utilize early 
successional stage environments, which often increase in distribution due to human 
activities. In addition, throughout most of the range of the European roe deer, large 
predators are absent or occur at low densities, resulting in an often negligible or non-
existent effect of predation. Especially in an environment without predators and hunting, 
roe deer has a great potential of population growth (Vincent et al., 1995; Andersen and 
Linnell, 2000). Its abundance evidently increases with the overall productivity of 
vegetation cover and with lower forest cover (Melis et al., 2009).  
Population density is an important population parameter that can affect the fertility of a 
certain population (Tome, 2006). Most density-dependent changes in life-history traits of 
large mammals occur at high population levels, e.g. close to the carrying capacity (Fowler, 
1981), and in large herbivores, density-dependent responses occur when populations 
overshoot a threshold density (Gaillard et al., 2000). Roe deer fits the general pattern 
reported for ungulates and other large mammals, where the population density affects 
reproductive traits of the species (Andersen et al., 1998a). In general, increase in density 
leads to a reduction in components of reproduction, which can be reflected in a decrease of 
population growth (Bonenfant et al., 2009). According to the Eberhardt’s model 
(Eberhardt, 2002), which described density dependence in most species of large 
vertebrates, a given increase in density should lead to differential changes in the four 
demographic parameters as follows subsequently: (i) juvenile survival decreases, (ii) the 
age at first reproduction increases, (iii) reproductive rates of prime‐aged females decline, 
and finally (iv) the survival of prime‐aged females decreases. Density‐dependence in 
ungulates has been reported in components of reproduction from ovule production to 
weaning success. Production of ovule, which is generally estimated from the examination 
of the corpora lutea presence, is lower at high density in many cervids; moreover, similar 
results were found for pregnancy rates (Bonenfant et al., 2009).  
In roe deer, population density can indirectly affect reproduction through social stress 
and/or changes in food availability (Hewison, 1996; Couturier et al., 2010, 2012; Body et 
al., 2011). High population density causes a decrease in the number of pregnant does in the 
population, leads to smaller litters (Focardi et al., 2002), and postpones the age of the first 
breeding (Bonenfant et al., 2009). The negative effect of high population density on litter 
size was reported both in temporal context in one population and in comparing different 
populations (Andersen et al., 1998a; Andersen and Linnell, 2000; Focardi et al., 2002). 
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Roe deer body mass can be density-dependent; as population density increases, there is a 
reduction in mean body mass of both adults (Andersen et al., 2000; Petorelli et al., 2001; 
Focardi, 2002) and fawns (Petorelli et al., 2001; Toïgo et al., 2006). Population density 
effects are also reflected in home-range size and in intraspecific interactions, e.g. in food 
and land competition, parasite transmission, etc. (Hewison et al., 1996; Couturier et al., 
2010; Body et al., 2011; Courturier et al., 2012). Impacts of population density on 
reproductive parameters have been detected in various large herbivore species (red deer: 
Bonenfant et al., 2002; McLoughlin et al., 2008; other species: Bonenfant et al., 2009; 
Hamel et al., 2009a). In the case of roe deer, it is reflected in the number of fertilized 
ovulations and fertility of does (Focardi et al., 2002), litter size and number of fawns per 
doe (Vincent et al., 1995; Andersen and Linnell, 2000; Focardi et al., 2002), fawn sex ratio 
(Focardi et al., 2002) and age of primiparity (Vincent et al., 1995). 
In relation to increasing population density, several changes in reproduction can occur. 
Increasing population density lowers the number of fawns per doe (Vincent et al., 1995; 
Gill et al., 1996; Andersen et al., 1998a; Andersen and Linnell, 2000). Studies from 
Sweden demonstrated that density-dependence may affect litter size: with a three-fold and 
two-fold increase in population densities, the number of fawns born per adult female 
decreased from 2.3 to 1.4 in Ekenäs, and from 2.1 to 1.7 in Bogesund study site (Andersen 
et al., 1998a). Similar results were found in Norway, where after an effective halt to legal 
harvest and poaching, the roe deer population increased from 10.1 animals/km2 in 1991 to 
19.3 animals/km2 in 1992; in 1994, the density expanded to 34.5 animals/km2 (Andersen 
and Linnell, 2000). Along with increasing density, the average number of fawns per doe 
decreased from 2.44 fawns in a year with the lowest density (1991) to 2.04 in 1994, when 
the density was the highest. During this period, the proportion of non-producing does also 
proportionally increased; however, on average, 82 % of females gave fawns each year 
(ibid.). 
In contrast to the extremely high roe deer increment rates in Norway, the average number 
of fawns per doe in Italy (Tredozio: Province di Forli-Cesena) was only 0.75 ± 0.40. In this 
area, roe deer density was much higher, with 53.8 ± 4.8 animals/km2 (for comparison: in 
Slovenia, on average, 2.0 – 2.5 animals/km2 are culled annually; Oslis, 2017). The study 
area was divided into two separate subareas, closely located and ecologically comparable, 
but with different roe deer population densities. The number of fawns per doe was higher 
in the area with lower density. Effects of population density were also reflected in fawn sex 
ratio as the proportion of male fawns was higher in the area of higher density (Focardi et 
al., 2002). However, no connection between density and fawn sex ratio was found in 
Belgium (Wauters et al., 1995), and inter-annual changes in density did not affect 
pregnancy rate of roe deer females in another area of Italy (Lombardini et al., 2017). 
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Obviously, density does not affect population dynamics independently of other factors 
(Andersen et al., 1998a). Among others, density-dependent processes which affect 
ungulate populations may also interact with the climatic effect (Mysterud and Østbye, 
2006). 
3.3.3 Environmental factors 
3.3.3.1 Habitat conditions 
It is to expect that favourable habitat conditions with great abundance of food would have 
positive effect on individual quality and consequently also on reproductive potential. The 
availability of resources (i.e. food) and forest cover influence roe deer population growth 
and distribution through their impact on demographic parameters and behavioural patterns 
(Lombardini et al., 2017).  
Availability of food is particularly important for roe deer as an income breeder with few 
available body reserves (Andersen et al., 2000), and also due to its foraging behaviour and 
anatomical adaptations. Feeding strategies of ruminants depend on their anatomical 
adaptations (Hofmann, 1989). Roe deer is a generalist herbivore in term of utilizing large 
number of different plant taxa; however, as a concentrate selector (browser) it is very 
selective in term of feeding primarily on nutrient-reach foodstuff (Andersen et al., 1998a; 
Tixier et al., 1998). Selective feeding allows roe deer to harvest a diet of better nutritional 
quality, which is crucial due to the small capacity of roe deer rumen. The relatively small 
capacity of the rumen indicates that the roe deer has a high rate of food turnover through 
the digestive tract that depends on the rate of assimilation and varies according to food 
quality and quantity (Krže, 2000). For roe deer females it is essential to obtain high quality 
food especially in spring and summer as they invest a large proportion of energy ingested 
in the care of their offspring (Tixier et al., 1998).  
Danilkin (1996) estimated that within the entire distributional range, roe deer consumes 
about 1290 plant species, most of which are herbs and forbs (55.2 %); trees and shrubs are 
the second most important plant group (24.5 %), while grasses are less favoured (15.8 %). 
Other plant groups are minor food sources (ibid.). The importance of habitat and 
availability of high quality food was confirmed when comparing “forest” and “field” roe 
deer. Roe deer in agricultural habitats, which mainly have granivorous diet, were found to 
be in better condition and faster growing than roe deer from woodland areas (Andersen et 
al., 1998a); authors suggested that “field” populations should also be more productive. 
Furthermore, some studies showed that females with the greatest availability of preferred 
habitat during winter produce larger litters in the subsequent spring (Nilsen et al., 2004). 
However, habitat quality does not necessarily always affect roe deer reproductive potential. 
In Sweden, Wahlström and Kjellander (1995) compared roe deer reproductive potential 
between low and high quality areas: no significant differences were found in any of the 
reproductive parameters, and the number of corpora lutea was the same in both areas (1.8).  
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European roe deer inhabit a variety of habitats ranging from dry, hot habitats in the 
Mediterranean region to humid, cold habitats north of the Polar circle. Roe deer therefore 
faces a wide range of environmental variation across the species range, which can cause a 
change in the optimal life-history (Andersen et al., 1998a). In different parts of its range 
weather conditions influence the availability of resources in very different ways 
(Lombardini et al., 2017), and therefore differently affect parameters of reproductive 
potential. On average, northern populations have larger litters than southern ones 
(Andersen et al., 1998a; Andersen and Linnell, 2000). While triplets are more common 
than singletons in Scandinavian populations, average number of embryos/foetuses per 
adult reproductive female in Central European populations varies between 1.55 (Hungary) 
and 1.9 (Poland) (Andersen et al., 1998a). In 15 populations in the UK, the average number 
of foetuses per litter was 1.7. However, there was large inter-population variation: in “low 
performance” populations, average production of foetuses was only 1.1, whereas in other 
populations 1.95 embryos were produced on average per adult reproductive doe (ibid.). 
3.3.3.2 Weather conditions 
Reproductive performance of different animal species can be highly affected by changes in 
weather conditions, such as precipitation or temperature (Bronson, 2009; Rodriguez-
Hidalgo et al., 2009; Servanty et al., 2009; Bloemhof et al., 2014). Environmental 
conditions in the year of primiparity are expected to affect the success of the first 
reproduction. In species in which age at the first reproduction varies, unfavourable 
environmental conditions in early life can delay primiparity (Hamel et al., 2009a). Besides, 
weather conditions affect also other reproductive traits which can be influenced directly via 
female body condition or indirectly via food availability, particularly in spring. Roe deer 
are income breeders and have relatively modest body fat reserves, so their main source of 
extra energy needed for reproduction is the food supply (Gaillard et al., 2013). Therefore, it 
is to expect that weather conditions would influence the reproductive potential of the 
species. Indeed, summer weather (particularly summer temperature) is an important 
environmental factor which can affect roe deer reproductive cycle: across the whole 
species distribution range fertility increases in warmer summers when food is generally 
more abundant (ibid.).  
However, high temperatures in summer can also cause heat stress to females and lead to a 
smaller litter size (Veeroja et al., 2012). Reproductive processes can be disrupted by the 
heat stress through two general mechanisms. Firstly, the homeokinetic changes to regulate 
body temperature can compromise reproductive function, and secondly, the heat stress can 
cause failure of homeokinetic systems which regulate reproduction (Hansen, 2009). 
Consequently, heat stress decreases expression of oestrous behaviour, alters ovarian 
follicular development, compromises oocyte competence, and inhibits embryonic 
development (Hansen et al., 2001). The effects of high temperature on pregnancy and 
embryonic survival vary with the species, temperature, periods of exposure, gestation 
length, and stage of pregnancy, respectively (Hafez, 1964).  
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Several studies on the effect of temperature on reproductive success have been made in 
farm animals, where higher temperatures may endanger reproductive traits which are in 
this case also economically important. For example, some authors (Tummaruk et al., 2004; 
Suriyasomboon et al., 2006; Bloemhof et al., 2014) observed that the pregnancy outcomes 
of domestic pig (sows) decrease in the hot weather. Also in cattle, embryonic development 
is highly sensitive to high temperatures (Córdova-Izquierdo et al., 2014). The same 
mechanisms work also in free-ranging ungulates, and their life-history traits and population 
dynamics can be affected by weather conditions (Rodriguez-Hidalgo et al., 2009). 
The effects of weather (and its inter-annual changes) on reproduction of female roe deer 
were studied in central Italy by Lombardini et al. (2017). The pregnancy rate in the studied 
Mediterranean roe deer population was positively correlated with previous-year summer 
rainfall (and body mass); on the contrary, spring rainfall, December rainfall and minimum 
winter temperature (as well as population density in previous year and in the year of 
sampling) were not included in the model as significantly important variables. In the study 
area, summer represents the hardest period of the year for roe deer. During this period, the 
lowest availability of food and water coincides with the energy-demanding reproductive 
season in roe deer, therefore hot and dry summers seriously affect reproductive 
performance of the species. 
Another critical period regarding the roe deer reproduction is the period when implantation 
of blastocyst(s) takes place. Unfavourable weather conditions during this period (in early 
winter) are likely to reduce the successful implantation of the blastocyst(s) and 
consequently litter size (Putman et al., 1996; Hewison and Gaillard, 2001; Nilsen et al., 
2004). During the gestation period, low winter temperatures can also affect the sex ratio of 
new-born fawns. This parameter is affected also by unfavourable weather conditions (high 
temperatures and low rainfall quantity) before the rutting season. In both cases, more 
female fawns are born (Muri et al., 1999). However, the effects of weather conditions on 
reproductive performance of roe deer are not always detected. In study made by Hewison 
and Gaillard (2001), climatic factors were not consistently correlated with individual 
female fecundity within populations, but at inter-population level implantation failure 
increased with climatic severity. They observed a significant, but reverse influence of 
temperature in the previous winter on potential litter size in two out of nine populations in 
United Kingdom: potential litter size increased with increasing winter temperature at 
Spadedam population, but decreased at Thetford population (ibid.). 
Study, carried out in France a few years after the occurrence of the hurricane Lothar 
revealed that such extreme weather situations do not necessarily have a negative effect on 
reproductive performance of roe deer. As the hurricane occurred during the time in the roe 
deer reproductive cycle when embryos were implanted, it was expected to have a negative 
effect on roe deer reproductive outcome. However, there was no evidence of a decrease in 
either pregnancy rate or litter size (Gaillard et al., 2003).  
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Table 1: Review of findings on the main influential factors affecting reproductive potential of roe deer in Europe. 
Preglednica 1: Pregled ugotovitev o najpomembnejših dejavnikih, ki vplivajo na razmnoževalni potencial srnjadi v 
Evropi. 
Target parameter Impact1 Period Location Reference 
Population density       
Pregnancy rate 0 2008–2014 Italy (Pisa province) Lombardini et al., 2017 
Potential litter size / fertility rate + 1995–1999 Italy (Tredozio: Collinacia and Monti) Focardi et al., 2002 
Litter size 0 / + * 1991–1994  Norway (Storfosna) Andersen and Linnell, 2000 
Fawn birth body mass + 1987–1995 France (Chizé) Andersen et al., 2000 
Fawn mortality + 1987–1995 France (Chizé) Andersen et al., 2000 
Fawn sex ratio 
 
+ 1995–1999 Italy (Tredozio: Collinacia and Monti) Focardi et al., 2002 
0 1987–1993 Belgium (various locations) Wauters et al., 1995 
Habitat conditions       
Potential litter size / fertility rate 0 1989-1994 Sweden (Bogesund) Wahlström and Kjellander, 1995 
Litter size + 1991–1994  Norway (Storfosna) Nilsen et al., 2004 
Sex ratio of embryos + 1983–1990 Great Britain (various locations) Macdonald and Johnson, 2008 
Weather conditions       
Implantation success (average T in the 
previous winter) 
0 / + ** 1970–1990 Great Britain (various locations) Hewison and Gaillard, 2001 
Potential litter size / fertility rate (average 
T in the previous winter) 
0 1970–1990 Great Britain (7 locations) Hewison and Gaillard, 2001 
+ 1970–1990 Great Britain (Spadedam, Thetford) Hewison and Gaillard, 2001 
Potential litter size / fertility rate 
(precipitation May–June) 
0 1970–1990 Great Britain (8 populations)  Hewison and Gaillard, 2001 
+ 1982-1990 Great Britain (Pickering)  Hewison and Gaillard, 2001 
Litter size (effects of hurricane Lothar) 0 1978-2000 France (Chizé and Trois Fontaines) Gaillard et al., 2003 
Pregnancy rate 0 / + *** 2008–2014 Italy (Pisa province) Lombardini et al., 2017 
Maternal body mass       
Pregnancy rate + 2008–2014 Italy (Pisa province) Lombardini et al., 2017 
Potential litter size / fertility rate 
 
+ 1970–1990 Great Britain (various locations) Hewison and Gaillard, 2001 
+ 1995–1999 Italy (Tredozio: Collinacia and Monti) Focardi et al., 2002 





+ 1987–1995 France (Chizé) Andersen et al., 2000 
+ 1991–1994  Norway (Storfosna) 
Nilsen et al., 2004; Andersen and 
Linnell, 2000 
+ 1987–1993 Belgium (various locations) Wauters et al., 1995 
Fawn survival + 1987–2003 France (Chizé) Toïgo et al., 2006 
Sex ratio of embryos 
 
0 / + 1994–2005 England and Wales Macdonald and Johnson, 2008 
+ 1983–1990 Great Britain (various locations) Macdonald and Johnson, 2008 




+ 1987–2003 France (Chizé) Toïgo et al., 2006 
+ 1987–1993 Belgium (various locations) Wauters et al., 1995 
+ 1995–1999 Italy (Tredozio: Collinacia and Monti) Focardi et al., 2002 
+ 1985–1996 France (Trois Fontaines) Hewison et al., 1999a 
Mother's age       
Implantation success  + 1970–1990 Great Britain (various locations) Hewison and Gaillard, 2001 
Potential litter size / fertility rate 
 
0 1970–1990 Great Britain (7 locations) Hewison and Gaillard, 2001 




0 / + * 1991–1994  Norway (Storfosna) Andersen and Linnell, 2000 
+ 1987–1993 Belgium (various locations) Wauters et al., 1995 
+ 1978-2000 France (Chizé) Gaillard et al., 2003 
Fawn sex ratio + 1987–1993 Belgium (various locations) Wauters et al., 1995 
Proportion of breeding females + 1978-2000 France (Chizé) Gaillard et al., 2003 
 
NOTES: 
1 +: impact detected, 0: no impact detected. 
* Only 2-year old does. 
**At inter-population level. 
***Impact was detected in the case of summer rainfall in the previous year; no impact of spring rainfall, December rainfall and 
minimum December temperature was found.  
  
Flajšman K. Effects of individual, population and environmental factors on reproductive success of roe deer. 
   Doct. dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2017 
24 
 
3.4 SEX RATIO OF ROE DEER EMBRYOS/FOETUSES AND FAWNS 
Generally, the sex ratio of offspring in roe deer is close to unity (Wauters et al., 1995), 
with a slightly higher proportion of male offspring in the majority of populations (see 
Table 2). This is perhaps due to a higher mortality risk of roe deer males, due to their way 
of life. Because of the competition for the territories, most juvenile males are forced to 
emigrate and are exposed to much higher risk of mortality (Danilkin, 1996). However, 
Danilkin (1996) also reported that birth sex ratio may considerably differ from parity and 
claimed that this is probably due to variation in environmental factors. 
Table 2: Population sex ratio of embryos/fawns across the roe deer’s geographic range. 
Preglednica 2: Spolno razmerje zarodkov/mladičev v populacijah srnjadi iz različnih delov razširjenosti. 
Sex ratio M:F Reference 
 1:0.40–2.00 Hewison, 1993* 
 1:0.79 Kurt, 1968* 
 1:0.75 Wandeler, 1975* 
 1:1.0 Stubbe and Passarge, 1979* 
 1:0.9 Prior, 1968* 
 1:0.9 Borg, 1970* 
 1:0.73 Nikolandić, 1968* 
 1:0.89 Strandgaard, 1972b* 
 1:0.85 Ellenberg, 1978* 
 1:0.6 Espmark, 1969* 
 1:1.0 Engl, 1982* 
 1:0.9 Pikula et al., 1985* 
 1:1.25 Fruzinski and Labudski, 1982* 
 1:1.3 Kaluzinski, 1982* 
 1:1.0 Pielowski and Bresinski, 1982* 
 1:08 Arabuli, 1966* 
 1:1.9 Bluzma, 1975* 
 1:0.97 Randweer, 1985, 1989* 
 1:0.93 Danilkin, 1996 
 1:1.04 Wauters et al., 1995 
 1:1 Hewison et al., 1999a 
 1:0.93 Macdonald and Johnson, 2008 
 1:1.4 Orlowska and Rembacz, 2016 
*Cited in Danilkin (1996) / Zbrano v Danilkin (1996). 
3.4.1 Effects on sex ratio of roe deer embryos and fawns 
Many studies have shown that body condition of females can influence the sex ratio of the 
offspring (Wauters et al., 1995; Hewison and Gaillard, 1996, 1999; Hewison et al., 1999a; 
Macdonald and Johnson, 2008). There are three theoretical clues explaining sex allocation 
mechanisms: (i) mammalian mother will have a role in the allocation of the sex of her 
offspring; (ii) the most efficient and least costly time for sex allocation in a sexually 
reproducing animals would be at or near conception; (iii) sex allocation system should 
have the mechanism to respond to environmental stressors in a way that was evolutionarily 
advantageous (Grant and Chamley, 2010). 
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Sex allocation theory assumes that parents modify their investment into male and female 
offspring so that it maximizes the parent’s lifetime fitness (Fisher, 1930; Charnov, 1982). 
This theory also generally assumes that parents have a fixed amount of resources for 
reproduction. However, in income breeders, in which reproduction is supported by current 
energetic income, this assumption may not be true (Komdeur, 2009).  
According to the Trivers and Willard (1973) hypothesis, females should vary the sex ratio 
of offspring in relation to their body condition. The first study which confirmed this 
hypothesis was a study on red deer (Clutton-Brock et al., 1984): the results showed the 
effect of maternal condition on sex ratio adjustment as high-quality females consistently 
bias their sex ratio toward male calves, while low-quality females produced more 
daughters. The explanation of the hypothesis is that in mammals in which maternal 
condition affected the fitness of offspring and where the fitness of male offspring was more 
strongly affected than the fitness of female offspring, females in good condition should 
bias their offspring sex ratio in favour of males because this would be the sex that yielded 
the highest marginal fitness returns (Sheldon and West, 2004). 
Similar pattern, which is in accordance with the Trivers and Willard (1973) hypothesis, 
was observed also in some studies of roe deer where the sex ratio of foetuses depends on 
the various influencing factors. Wauters et al. (1995) concluded that females with better 
body condition should invest more into male offspring, and females with poorer body 
condition more in female offspring. In their study from Belgium, heavier adult females 
produced larger offspring than lighter or primiparous females and the proportion of male 
foetuses increased with female’s body mass. In study from England and Wales singleton 
litters were male-biased (60 %) and, for most populations, more so when an individual 
female was in better condition (Macdonald and Johnson, 2008).  
However, while some studies support the theory that females in better condition are more 
likely to produce sons, the others found no relationship or even found the opposite pattern 
(Komdeur, 2009). Such pattern could be in accordance with the local resource competition 
hypothesis, which predicts that wherever philopatric offspring compete for resources with 
their mothers, offspring sex ratios should be biased in favour of the dispersing sex (Clark, 
1978). The theory of local resource competition assumes dispersal rates to be sex-biased 
and density-dependent (Vreugdenhil et al., 2007).  
Also in roe deer, findings on correlations between female body mass and offspring sex 
ratio are rather contradictory. In contrast to Trivers and Willard (1973) hypothesis, 
Ellenberg (1978) reported that roe deer does with good nutritional conditions during the 
summer (rutting) period produced three-folds more female offspring. In contrasting 
conditions, the birth sex ratio was 1:3 in favour of males. Also, study of variation in the 
primary sex ratio within and between 14 populations of roe deer from Great Britain 
(Hewison in Gaillard, 1996) in relation to maternal body condition revealed that the sex 
ratio was increasingly male biased as average maternal body masses decreased. The results 
also showed that where environmental conditions were limiting, roe deer does tend to 
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produce male-biased litters. The authors suggested that where females experience 
environmental stress, they tend to produce male fawns to avoid potential future local 
resource competition posed by female offspring. Similarly, results provided by Hewison et 
al. (1999a) indicated that roe deer females which have additional investment potential 
available do not invest it in sons, as predicted by Trivers and Willard (1973). In their study, 
higher maternal body mass was associated with female-biased litters. Vreugdenhil et al. 
(2007) concluded that despite a great number of studies on roe deer ecology it is not 
possible to decide which of two theories, Trivers-Willard or local resource competition, is 
more valid for this species.  
Meta-analysis made by Sheldon and West (2004) on published studies on ungulates 
suggested that data are consistent with the Trivers-Willard hypothesis but only when 
appropriate measures are used. Data collected post-conception and relying on 
morphological or physiological measures of condition provided little or no evidence for a 
relationship between maternal condition and sex ratio, and are less likely to capture 
variables that cause selection, while studies using measures of maternal condition that were 
taken in pre-conception phase and on the basis of behavioural dominance provided strong 
evidence for a relationship between maternal condition and the sex ratio. 
However, more recent studies suggested that offspring sex ratio is affected by pre-
conceptual maternal diet rather than by maternal body condition per se (Rosenfeld et al., 
2003; Rosenfeld and Roberts, 2004; Alexenko et al., 2007; Green et al., 2008). Study 
performed on mice suggested that a diet reach in saturated fats but pure in carbohydrate 
leads to the birth of significantly more male than female offspring in mature laboratory 
mice; in both cases, mice were fed with nutritionally complete diets and litter sizes did not 
differ between treatments (Rosenfeld and Roberts, 2004). The dietary effects are 
manifested exclusively through the female, since males fed with high saturated fat diet had 
neither more Y-sperm nor sired more sons than daughters (Alexenko et al., 2007). Similar 
results were obtained also in studies on some ungulate species. For examples, ewes fed a 
diet enriched with polyunsaturated fatty acids also produced significantly more male 
offspring (Green et al., 2008). The authors concluded that maternal diet around conception, 
rather than maternal body condition, can skew the sex ratio towards males. 
In study of Cameron et al. (2008), which was also performed on laboratory mice, the 
change in glucose levels resulted in a change in sex ratios: females with experimentally 
lowered glucose gave birth to more daughters. Positive effects of higher glucose content on 
male-biased sex ratio were observed also in bovine foetuses (Kimura et al., 2005, 2008). 
Relationship between sex ratio of offspring and maternal condition may depend on life-
history characteristics. When sexual size dimorphism is more male biased and when 
gestation periods are longer these relationships are stronger (Sheldon and West, 2004). In 
species with sexually size dimorphic young, offspring of the larger sex often consume 
more parental resources than those of the smaller sex. In addition, offspring of the larger 
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sex may show slower growth and/or greater mortality when food availability is low 
(Komdeur, 2009). In mixed-sexed litters, there may be potential for sex-specific sibling 
competition that may alter the relative reproductive value of each sex due to differences in 
competitive ability (Komdeur, 2009). In Soay sheep, females born with a male twin have a 
lower birth weight and lifetime reproductive success than females born with a female twin 
(Korsten et al., 2009). In roe deer, which mostly produce twins and more rarely singletons 
and triplets (Danilkin, 1996; Andersen et al., 1998b; Flajšman et al., 2017b), no correlation 
between the mother’s body mass and fawn sex ratio in twin pregnancies was found 
(Macdonald and Johnson, 2008).  
The sex ratio may be affected by maternal age, which may covary with maternal condition 
(Martin and Festa-Bianchet, 2011). In bighorn sheep (Ovis canadensis), the effect of 
maternal condition on sex allocation reverses as mothers become older. In this species, 
young females generally produce more sons while old ewes generally produce more 
daughters (ibid.). Also, when conditions were good, old females reproduced every year but 
minimized fitness costs by producing daughters. When conditions were poor, old females 
produced more sons but did not reproduce every year (ibid.).  
There is also a hypothesis that offspring sex ratio is related to maternal dominance, a 
characteristic that has been shown to be linked to testosterone in female mammals, 
including humans (e.g. Grant and Irwin, 2005; Grant et al., 2008; Shargal et al., 2008). Pre-
conceptual maternal testosterone may influence subsequent sex of the offspring (Sheldon 
and West, 2004). In female Nubian ibexes (Capra nubiana), the higher ranked, older 
females had higher faecal testosterone concentrations and had also more male births than 
subordinate females (Shargal et al., 2008). Furthermore, in studies which were focused on 
the relationship between mammalian follicular hormones at the time of conception and 
subsequent sex of offspring, higher testosterone concentrations were associated with male-
biased sex ratio of offspring. The amount of testosterone to which the ovum was exposed 
to at a crucial time during its development within the follicle determines its adaptation to 
preferentially receive an X- or a Y-chromosome-bearing spermatozoon (Grant and Irwin, 
2005; Grant et al., 2008). Bovine ova from subordinate follicles that had follicular fluid 
with a high concentration of testosterone (in vivo) were later more likely to be fertilised by 
a Y-chromosome-bearing spermatozoon (in vitro) (Grant and Irwin, 2005). 
It is important to take into account that not only females but also males may be responsible 
for sex ratio of offspring, despite the fact that some studies suggested the opposite (e.g. 
Alexenko et al., 2007). There is experimental evidence for male contribution to sex ratio 
adjustments at birth from a study on red deer, in which females were artificially 
inseminated with ejaculates from high- and low-quality males. The study revealed that 
high-quality males produced more sons than low-quality males (Gomendio et al., 2006). A 
possible mechanism by which males may adjust the sex ratio is that ejaculates may differ 
in the proportion of Y-bearing spermatozoa depending on the male’s quality (Chandler et 
al., 2002).  
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4 MATERIAL AND METHODS 
4.1 STUDY AREA 
The study area covered the whole country of Slovenia. Slovenia is located in Central 
Europe (46°N, 14°E) and spreads over an area of 20,273 km2. Despite its small size, it is 
very geographically diverse as it is located at the intersection of four major European 
geographical units: the Alps, the Mediterranean, the Pannonian Basin, and the Dinaric 
Alps. It represents a convergence point for a range of various landscapes, with different 
characteristics and unique features (Lovenčak, 1999; Ciglič and Perko, 2012). 
The landscape is mostly hilly and mountainous, with many plateaus. The elevation ranges 
from 0 to 2864 m (Triglav), and average elevation in the country is 557 m. More than 80 % 
of the area is located on the elevations from 0 to 700 m, and only 8.7 % reaches over 
1000 m. The inclination in 69.6 % of the country is more than 6° (Perko, 1993). Geological 
structure consists of sedimentary rocks or sediments, which prevail and cover 93 % of the 
area. Metamorphic rocks cover 4 % and igneous rocks cover 3 % of Slovenia surface. This 
diversity is clearly reflected also in Slovenia’s pedological characteristics. There is a 
prevalence of brown forest soils (32.2 %), distric brown soils on various silicate rock 
(20.6 %), and rendzina on limestone and dolomite and on Ice-Age river rubble (9.1 %) 
(Lovenčak, 1999). 
The climate in Slovenia can be divided into three climate types: the submediterranean, the 
moderate continental, and the mountainous climates (Ogrin, 1996). The highest average 
annual temperatures (from 11.2 °C to 13.8 °C) are in submediterranean parts of Slovenia. 
Average annual temperature are the lowest in alpine and subalpine areas (-2 °C to 8 °C). 
The average annual precipitation varies greatly among different areas and it generally 
declines from west to east. In western and southwestern parts of the country, average 
annual precipitation can reach up to 2500 mm. The lowest precipitation is in Prekmurje 
region in the East (below 800 mm per year) (Lovenčak, 1999). 
Forests cover 58.4 % of the land and are mostly dominated by beech (Fagus sylvatica), 
Norway spruce (Picea abies), silver fir (Abies alba) and different oak species (Quercus 
sp.) (Zavod …, 2017). 
Considering game management, Slovenia is divided into 415 “unprofessional” hunting 
grounds (average size of app. 4,500 ha; min: 2,000 ha; max: 10,000 ha), managed by 
„hunters families“ (hunters clubs; LD), and 12 professional hunting grounds with special 
purposes (LPN), managed by the Slovenia Forest Service (10), Triglav National Park and 
the State protocol. LDs and LPNs are grouped into 15 hunting management districts (LUO) 
(Figure 3). 
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Figure 3: Map of hunting management districts in Slovenia (Jelenko, 2011: 45). 
Slika 3: Karta lovskoupravljavskih območij v Sloveniji (Jelenko, 2011: 45). 
 
4.1.1 Roe deer in Slovenia – population characteristics and management practices 
Roe deer is the most abundant and the most important game-management species in 
Slovenia. Population size is estimated on more than 200,000 individuals (Jerina et al., 
2010). Average roe deer density in Slovenia is roughly assessed to be around 
7.7 individuals/km2, and in 1x1 km spatial window it varies from 0 up to 50 
individuals/km2 (Stergar et al., 2012b). Annual total recorded mortality (harvest, road-kill, 
diseases, etc.) in the period 2007–2016 was between 39,599 (in 2007) and 41,768 (in 2012) 
animals per year, which is 410,281 animals in the 10-year period (Oslis, 2017). 
Female roe deer represent approximately 30 % of total roe deer hunting bag (10 % 
yearlings and 20 % adult does). Hunting season on female roe deer takes place from 1st of 
May till 31st of December (yearlings) or from 1st of September till 31st of December (adult 
does). Male roe deer (yearlings and bucks) are hunted from 1st of May till 31st of October 
and fawns of both sexes from 1st of September till 31st of December.  
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4.2 DATA COLLECTION 
4.2.1 Sampling of female roe deer reproductive organs 
Sampling of female roe deer reproductive organs started in September 2013. Regular 
sampling took place within the regular hunting season on roe deer females, from 
1st September to 31st December. Some samples were also obtained during the later period, 
i.e. in winter and early spring (road-kill). Sampling was done in cooperation with hunters 
from 85 hunting grounds in the period 2013–2015 (Table 3, Figure 4). During the whole 
study period, we collected 1894 samples, and 1312 of them were suitable for the further 
analysis (i.e. samples were undamaged and contained both ovaries, data on body mass and 
mandible for age assessment were available). 
Table 3: Sampling of roe deer reproductive organs during the study period 2013–2015. Number of collaborating 
hunting ground managers (LDs and LPNs) and number of collected samples in each year are presented. 
Preglednica 3: Vzorčenje rodil srnjadi v obdobju 2013–2015. Prikazano je število sodelujočih upravljavcev 
loviš (LD-jev in LPN-jev) in število zbranih vzorcev v posameznih letih. 
Sampling period Contributors Number of collected samples 
2013/2014 45 hunting ground managers:  
37 LD, 8 LPN. 
477 
2014/2015 63 hunting ground managers: 
54 LD, 9 LPN. 
730 
2015/2016 52 hunting ground managers: 
42 LD, 10 LPN. 
687 
 
Figure 4: Map of hunting grounds, included in sampling of roe deer reproductive organs in the study period 2013–2015. 
Slika 4: Karta lovišč, vključenih v vzorčenje rodil srnjadi v obdobju 2013–2015. 
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Hunters collected reproductive organs of roe deer does immediately after the cull of 
animals, during the evisceration process. We sampled the reproductive organs of all female 
roe deer, older than one year. Reproductive organs were placed into plastic bags and 
frozen. For each specimen, hunters recorded sampling date, locality, eviscerated carcass 
mass (total body mass less viscera but with head and feet on) and approximate age. The 
data were recorded on the pre-prepared form or on a blank piece of paper. Frozen samples 
were transported to the Slovenian Forestry Institute or Institute ERICo Velenje. 
Each collected sample was linked with the data from the attribute database available in the 
Slovene hunting information system (on-line platform).  
4.2.2 Sampling of roe deer mandibles and age determination 
For age determination/assessment, left hemi-mandibles of all studied individuals were also 
collected during regular hunting procedure and were sent to us. For all animals, age was 
assessed jointly by the candidate and her supervisor by macroscopic inspection of tooth 
development and tooth-wear (see Aitken, 1975; Ratcliffe and Mayle, 1992). As criterion 
for classification, pre-prepared set of mandibles with different and easily distinguished 
tooth-wear patterns was used. Age class of each individual was defined in consensus of 
both evaluators, and their separate pre-assessments had differed in <5 % of all mandibles 
(in all cases for one age class only, no discrepancies occurred when distinguishing 
yearlings from adults). Due to known uncertainty in aging adult roe deer on the basis of 
tooth wear criteria (see Hewison et al., 1999b) the age of adults was not determined with a 
yearly precision. Rather, animals were grouped into the following age categories: yearlings 
(15–19 months old; n = 305), 2-year-olds (n = 186), young adults (3–4 years; n = 364), 
middle-aged adults (5–7 years; n = 259), old adults (8–9 years; n = 158), and elderly adults 
(10+ years; n = 40), respectively. 
4.2.3 Laboratory analyses 
4.2.3.1 Determination of fertility, potential litter size and sex ratio of embryos 
Laboratory analyses were performed at the biological laboratory of the Institute ERICo 
Velenje and at the laboratory for wildlife and game management of the Slovenian Forestry 
Institute. All the collected samples were checked and all incomplete samples, where one or 
both ovaries were missing, were excluded from further analysis. Prior to the laboratory 
analyses, frozen reproductive organs (uteri) were defrosted (Figure 5). Fertility of the 
recent year was determined by the presence of corpora lutea in ovaries (for details on 
corpora lutea and their informative value on fertility and litter size, see chapter 3.2.1). 
Ovaries were dissected to count the number of corpora lutea present, reflecting the number 
of ova released (Figure 6). We used the number of corpora lutea as a measure of potential 
litter size of every single individual. 
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Figure 5: Roe deer uteri and ovaries (marked with blue). 
Slika 5: Maternica srne z jajčniki (označeni z modro). 
 
 
Figure 6: Section of ovaries. Corpora lutea are marked with yellow arrows. 
Slika 6: Sekcija jajčnikov. Rumena telesca so označena z rumenimi puščicami. 
 
The majority of samples were collected during the period of embryonic diapause in roe 
deer (September–December period), when there is no macroscopically visible signs of 
pregnancy in the uterus. Despite that, we made the section of each uteri. The section of 
uteri was made from the top of one uterine horn to another one and from the bottom to the 
top of the uterine body. We determined the presence of maternal side of placenta 
(caruncles). Together with the fetal cotyledons, these structures form a placentome. Roe 
deer have cotyledonary placenta, which is characterized by numerous cotyledons – “button 
like” structures distributed across the surface of the chorion. Despite the involution of the 
uteri in the postpartum period, when the caruncles slowly decrease, they can still be visible 
till the next pregnancy (Hamilton et al., 1960). 
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The uteri of pregnant females were examined in the similar way. We counted 
embryos/foetuses and measured their weight and length. Where possible, we also 
determined the sex of foetuses; however, the sample size for determination of the sex ratio 
was rather small. During the study period 2013/14–2015/16, we collected 39 uteri in which 
embryos/foetuses were already developed. In total, we analysed 56 embryos/foetuses 
(Table 4). Most of the samples were obtained during the regular hunting period in the late 
December (13 samples). Despite the embryonic diapause, in those cases embryos had 
already started to develop and they were in the early stage of development. Other samples 
were collected mostly from the road-killed animals. We collected 10 samples in March, 7 
in April and the rest in January, February and May (10 in all three months together).  
 
Table 4: Samples of roe deer uteri with embryos/foetuses, collected in the period 2013/14–2015/16. 






2013/14 7 11 
2014/15 15 18 
2015/16 17 27 
All 39 56 
 
4.2.4 Effects of mother’s characteristics on sex ratio of roe deer fawns 
To determine the effects of mother characteristics (age and body mass) on sex ratio of 
fawns we used data from on-line hunting information system. This system contains several 
information (date, time, location, age, sex, body mass etc.) on every culled animal from the 
year 2006 onward. We searched for data on all females and fawns, culled together in the 
period 2013–2015. We sorted the data according to the date, exact time of the cull and 
location. When selecting the females that had been culled together with fawns, we used the 
following criteria: the same location, the same day, the same time (range of 15 min) and 
the same hunter (except when doe and fawn(s) were shot in 5 min time-window at a very 
concrete and well-recognised location; in this case, also culling events made by different 
hunters were taken as a positive case). For obtaining data, we selected all females that were 
culled together with two fawns (n = 180).  
Since roe deer females generally produce litters of two fawns (see chapter 5.1), we 
assumed that groups (families) consisted of female and two offspring had not experienced 
any neonatal mortality, and hence these data are not biased by possible previous fawn 
mortality. On the contrary, we were not able to exclude such bias in the case of does shot 
together with only one fawn (in such cases, the sibling could die before the culling event or 
could still be alive but not harvested together with female and other fawn); therefore, we 
decided to analyse only the data for females with two fawns.  
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4.3 STATISTICAL ANALYSES 
4.3.1 Factors, affecting roe deer reproductive potential 
Considering the origin of samples, all analyses were done on cross-sectional data of 
different animals measured only once, after they were hunted. Before performing analyses 
on reproductive parameters, we checked whether the body mass of roe deer females 
differed through the sampling period from 1st September to 31st December. As body mass 
of both yearlings and adults linearly increased with the consecutive day in the year, we 
performed correction of this variable using a General Regression Model (GRM). 
4.3.1.1 Body mass corrections 
Each year, samples were collected in the period of 4 months, from 1st September to 31st 
December. For each roe deer female included in the study we recorded eviscerated carcass 
mass (total body mass less viscera but with head and feet on, measured with 0.5 kg 
accuracy). Body mass of each animal was affected by animal’s age, year of sampling and 
individual characteristics. Besides that, measured body mass of each individual was also 
influenced by the season – the time in the year, when the individual was culled, which 
could disrupt the results of any further analyses. Therefore, we corrected all measured 
body masses by removing the seasonal effect. We coded sampling (culling) date of each 
individual as a successive day in a year (where 1st September was 244th day, and 31st 
December was 365th day). We ran GRM with body mass as a dependent variable, and age 
class (yearlings, 2-year-olds, 3–4-year-olds, 5–7-year-olds, 8–9-year-olds, over 10-year-
olds), day in a year (covariate), interaction day in a year × age class, year (categorical 
variable) and interaction year × age class as explanatory variables.  
To build all possible models, including all combinations of main effects and listed 
interactions, we used the best subsets approach. The best model was selected by the 
Mallow’s Cp criterion and is presented in Table 5. Based on this model, we estimated the 
effect of day in a year on individual body mass, using the formula:  
Δbody mass = βday in the year (day in a year – mean day in a year),  
where β is parameter estimate for the effects of covariate “day of the year”, and day in a 
year was a consecutive day when individual was culled. We removed (substracted) the 
calculated seasonal effect from the original body mass value. Using the described protocol, 
we standardised all body masses like if they were measured on the same (mean) sampled 
day in a year (this is the consecutive day 296, i.e. 23rd October). All subsequent analyses 
were performed with the adjusted body mass values (see also Flajšman et al., 2017a).  
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Table 5. General Regression Model of body mass of roe deer females in Slovenia. The explanatory variables 
are year, age class, day in a year (covariate) and interaction year × age class; model was built using best 
subset approach and Mallow’s Cp selection criterion; last level of each categorical variable served as contrast 
(estimate = 0) for the remaining levels of that variable; study period 2013–2015, n = 1312. 
Preglednica 5: Regresijski model telesne mase srnjadi v Sloveniji. Neodvisne spremenljivke so leto, starostni 
razred, dan v letu (kovariata) in interakcija leto × starostni razred; pri modelu smo uporabili metodo »best 
subset« in Mallow’s Cp merilo za izbor; zadnja stopnja vsake kategorijalne spremenljivke je služila kot 
kontrast (ocena = 0) za ostale stopnje spremenljivke; obdobje raziskave 2013–2015, n = 1312. 
Variable Level of variable Estimate Standard Error p-value 
Year 
 
2013 -0.177 0.115 0.125 
2014 0.036 0.099 0.716 
vs. 2015    
Age class 
 
1 -1.209 0.121 <0.001 
2 0.236 0.142 0.097 
3–4 0.720 0.114 <0.001 
5–7 0.760 0.125 <0.001 
8–9 0.215 0.164 0.190 
vs. >10    
Day in a year (covariate) 0.015 0.001 <0.001 
Year × age class 
 
year 2013 & age class 1 -0.310 0.185 0.095 
year 2013 & age class 2 -0.099 0.217 0.647 
year 2013 & age class 3–4 -0.141 0.177 0.425 
year 2013 & age class 5–7 -0.091 0.187 0.628 
year 2013 & age class 8–9 0.412 0.271 0.129 
year 2014 & age class 1 0.204 0.162 0.208 
year 2014 & age class 2 0.328 0.196 0.094 
year 2014 & age class 3–4 0.249 0.153 0.103 
year 2014 & age class 5–7 0.005 0.170 0.978 
year 2014 & age class 8–9 -0.502 0.206 0.015 
vs. year 2015 & age class >10    
Intercept  10.804 0.430 <0.001 
 
4.3.1.2 Parameters/measures of reproductive potential used in our study 
At the individual level, we determined fertility of every single doe with the presence of 
corpora lutea (CL) in ovaries, and potential litter size by counting of CL. To explore the 
reproductive potential of roe deer females at the population level, as in several previous 
studies (for review, see Flajšman et al., 2013), we used various parameters/measures: (i) 
fertility (fertile and non-fertile individuals; later: fertility), (ii) mean number of CL in 
fertile individuals (later: potential litter size), and (iii) synthesis of both of the above 
parameters – mean number of CL, including non-fertile individuals (later: potential 
reproductive output). 
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4.3.1.3 Effects of age and body mass 
The effects of age and body mass on reproductive potential of roe deer females were firstly 
analysed by the chi-square test for homogeneity. We analysed fertility and potential litter 
size separately, as these parameters may respond differently to impact factors (e.g. 
Hewison et al., 2001), and explored differences between yearlings and adults as well as 
among adults of different ages. Therefore, we performed four separate tests for 
homogeneity covering all combinations of the studied factors as follows: (i) yearlings vs. 
adults × fertile vs. non-fertile females; (ii) age class of adults (without yearlings) × fertile 
vs. non-fertile females; (iii) yearlings vs. adults × potential litter size; (iv) age class of 
adults (without yearlings) × potential litter size. Prior to analyses (ii) and (iv), we grouped 
the last two age classes (old and elderly adults) into the pooled age class of older animals 
(8+ years; n = 198) in order to satisfy the condition of minimal theoretical frequency 
(frequency > 1) in each intersection of levels of variables. 
A similar procedure was used to analyse the effects of body mass on reproductive 
potential. For this analysis, we grouped all individuals into five body mass classes as 
follows: <12 kg (n = 106); 12–13.9 kg (n = 263); 14–15.9 kg (n = 395); 16–17.9 kg 
(n = 351); and >18 kg (n = 197). We analysed the following combinations of variables: (i) 
body mass × fertility for all individuals; (ii) body mass × fertility for adults; (iii) body mass 
× potential litter size for all individuals; (iv) body mass × potential litter size for adults. We 
pooled the first two body mass classes into one (<14 kg; n = 369) prior to analysis (ii), and 
pooled all females with the number of CL = 3 (n = 48), 4 (n = 5) and 5 (n = 1) into one 
group (CL = 3 or more) prior to analyses (iii) and (iv) to satisfy the condition of minimal 
theoretical frequency. 
Age-related effects of body mass 
First, we analysed the age specific effects of body mass on reproductive potential 
separately for yearlings and adults. Effects of body mass and age on roe deer fertility were 
analysed with generalized linear mixed models (GLMM). Body mass (covariate), 
individual age category (yearlings, adults; factor) and interaction of both variables were 
used as fixed explanatory variables. Year of the sampling was included as a random factor. 
We took the individual fertility (fertile, non-fertile) as a dependent variable with a binomial 
error distribution and logit link function. To begin with, we ran the full model including all 
explanatory variables, and afterwards we were subsequently excluding individual variables 
one at a time. We used Akaike information criteria (AIC) to select the best model. We used 
a similar procedure to analyse the effects of the same explanatory variables on potential 
litter size, with number of CL as the dependent variable, and the Poisson distribution of the 
error and logit link function.  
Second, we grouped all individuals into three age categories in order to minimize possible 
errors in the age assessment, taking into account age-specific changes in both body mass 
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and potential reproductive output (see Flajšman et al., 2017a): yearlings (n = 305), young 
to middle-aged adults (2–7 years; n = 809) and older adults (8+ years; n = 198).  
We analysed data with generalized linear models (GLM). We used fertility (fertile vs. non-
fertile individuals; binomial error) and potential litter size (number of CL = 1–5; Poisson 
distribution of the error) as dependent variables and explored differences in the effects of 
both yearlings vs. adults, and between both age categories of adults. In all GLM analyses in 
addition to age (fixed factor), the independent variables were body mass (covariate) and 
the interaction of body mass × age; we also explored the effects of the year of sampling 
(2013, 2014, 2015) as a fixed factor. We built all possible models and used the Akaike 
information criteria (AIC) to select the best and other still informative models with 
ΔAIC < 2. We displayed parameter estimates and other base statistics only for the best 
model, while for the other models we showed only the model structure and ΔAIC 
(Tables 14–16). We also visualised the effects of body mass on potential reproductive 
output for each of three age categories (Figure 16). 
4.3.1.4 Effects of population density and environmental factors 
In this part of the study we only tested the effects of environmental factors on potential 
reproductive output (average number of CL in all females, both fertile and non-fertile) 
since it joins information on both fertility and potential litter size, but is also the most 
informative for understanding population dynamic of the species. To analyse the effects of 
selected environmental and population factors on reproductive output, we used the 
approach of extracting residuals. This enabled us to analyse the pure effects of population 
and environmental factors. We calculated residuals for potential reproductive output in 
order to remove the known effects of age and body mass on this important parameter of 
reproductive success (see Flajšman et al., 2017a).  
Firstly, we calculated residuals for the effects of age (R_age), where the categorical 
variable in the analysis was age, divided in three age categories (yearlings, young to 
middle-aged adults, old adults). We ran GLM with Poisson distribution of the data and 
logit link function and calculated model residuals. By this approach, we were able to 
remove the effect of age which might correlate with the environmental factors due to 
possible age-related spatial distribution of individuals. 
Secondly, we aimed to remove the effects of body mass as well and only tested the direct 
effects of population and environmental factors on reproductive performance of roe deer 
females. The theory and previous findings suggest that the population and environmental 
factors influence the reproduction and other life-history traits also/primarily indirectly, i.e. 
through causing variability in body mass (Gaillard et al., 2013; Lombardini et al., 2017). In 
order to completely remove the effects of body mass, we calculated residuals for age, body 
mass and interaction age x body mass (R_age_bm). Our aim was to test whether 
population and environmental factors influence reproductive output of roe deer females 
also independently of two of the main individual factors, i.e. age and body mass.  
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Into the further analysis, we included various environmental variables as well as assessed 
population densities of roe deer in Slovenia (Table 6). Population density can influence 
demographic parameters of different species of large vertebrates (Eberhardt, 2002). The 
effects of density on reproduction of roe deer were confirmed previously in other 
environments (e.g. Andersen and Linnell, 2000; Focardi et al., 2002; Bonenfant et al., 
2009), but its influences in the Slovene environment has been so far completely unknown.  
There are various environmental variables which influence reproductive potential of roe 
deer either directly or indirectly, e.g. by limiting food sources (Bronson, 2009; Rodriguez-
Hidalgo et al., 2009; Servanty et al., 2009; Bloemhof et al., 2014; Lombardini et al., 2017). 
Into our analysis, we included several environmental variables for which we predicted that 
they might be potentially important for the reproductive output of roe deer. Variables, 
referring to climate/weather were mean annual precipitation (MAP), mean annual 
temperature (MAT) and number of days with snow cover (SC). Those variables may have 
direct influence on reproduction due to limiting the abundance and quality of food, 
however, the effects could also be indirect (e.g. increase of energy expenditure due to 
unfavourable weather conditions). 
Among variables which describe the characteristics of habitat, we included the following 
ones: habitat suitability (H), percentage of forest (F), forest edge length (FE), area of 
deciduous forests (DF), density of feeding sites (FS) and biomass of ungulates (BM). The 
habitat suitability (H) was selected as a variable that describes the characteristics of a 
habitat, in which multiple environmental variables are included (Jerina et al., 2010). Roe 
deer is a woodlands species and also a species which inhabits areas of the forest edge, 
where the cover and food are in abundance. Therefore, we also included variables 
percentage of forest (F) and forest edge length (FE) to test how the favourable habitats 
impact reproductive potential. Similarly, the percentage of deciduous forests (DF) was 
included as those forests are considered to be more abundant with food sources for roe deer 
than forests where conifers prevail. We added the variable density of feeding sites (FS) to 
test whether additional food sources also exert any influence on roe deer reproductive 
success. Finally, biomass of ungulates (BM) was included to test whether there are some 
potential interactions with other (sympatric) ungulate species that might influence 
reproductive potential of roe deer females. 
We calculated the variable areas with rich undergrowth (RU) by addition of three existing 
variables from the database: forest overgrowing areas, areas of young forests and 
regenerating forest stands. We assumed that in the areas with rich undergrowth also food 
availability is higher. In addition, we also included variable net habitat suitability 
(NET_H), which was calculated by deducting assessed population density (DEN) from 
habitat suitability (H). All those variables were adopted for each 1x1 km quadrant in which 
any single roe deer female included in our study was harvested (see Table 6). 
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Independent variables were gathered from the main database on environmental data that 
had been established and is managed by the Biotechnical Faculty, Department of forestry 
and renewable forest resources (Jerina et al., 2010; Stergar et al., 2012b; Stergar, 2017).  
Table 6: List of population and environmental variables included into the analysis of effects on reproductive 
output of female roe deer in Slovenia. 
Preglednica 6: Seznam populacijskih in okoljskih spremenljivk, vključenih v analizo vplivov na 
razmnoževalno sposobnost samic srnjadi v Sloveniji. 
 
Prior to statistical analysis we standardized the variables. The values of selected variables 
were presented in many different scales, so by standardizing them we equalized the range 
and/or data variability. Relationship among variables was determined by using the 
Spearman's rank order correlation to measure the strength and direction of association 
between variables. We checked for multicollinearity between potential explanatory 
variables in order to select the set of the most informative and co-independent variables. 
Based on the results of correlation analysis (Table 7) we decided to remove from further 
analysis all variables that did not correlate with none of the dependant variables. We 
removed the variables DEN, NET_H, FE and BM, for which correlations with both 
residuals (R_age, R_age_bm) were not significant. Except of the variable FS, none of the 
other variables correlated with R_age_bm.  
Population density (DEN) obviously does not have any direct effect on potential 
reproductive output of females within Slovene roe deer population as it is not correlated 
with none of the residuals (see Table 7). Since we excluded this variable from the models 
we tested in the up-following sections (see chapter 5.3) only the effects of selected 
environmental factors (and not population density) on the reproductive performance of roe 
deer females. However, the effect of population density was assessed in the continental 
scale, i.e. by meta-analysis of previous studies (in which population densities were also 







Population density  DEN 1 N/km2 Stergar et al. (2012b) 
Habitat suitability H 1 N/km2 Jerina et al. (2010) 
Net habitat suitability NET_H 1 N/km2 Stergar et al. (2012b)  
Mean annual precipitation MAP 1 mm ARSO 
Mean annual temperature MAT 1 °C ARSO 
Number of days with snow cover SC 1 days ARSO 
Percentage of forest F 1 % MKGP 
Areas with rich undergrowth RU 1 % MKGP, ZGS 
Forest edge length FE 1 km MKGP 
Deciduous forests DF 1 % ZGS 
Feeding sites FS 1 n ZGS and LZS 
Biomass of ungulates BM 3 kg/km2 Pagon and Jerina (2017) 
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Table 7: Spearman Rank Order Correlations between population density and environmental variables and residuals of reproductive output after removing the effect 
of age and body mass of individuals. Presented variables are: population density (DEN), habitat suitability (H), net habitat suitability (NET_H), mean annual 
precipitation (MAP), mean annual temperature (MAT), number of days with snow cover (SC), percentage of forests (F), forest edge length (FE), areas with rich 
undergrowth (RU), deciduous forests (DF), feeding sites (FS), biomass of ungulates (BM), residuals for the effects of age (R_age), and residuals for the effects of 
age and body mass (R_age_bm). For detailed explanations of each variable (units, spatial window), see Table 6. Correlations in bold are significant at p<0.05.  
Preglednica 7: Značilnost korelacijskih koeficientov (Spearmanov test rangov) med populacijsko gostoto in okoljskimi spremenljivkami ter residuali 
razmnoževalnega potenciala srnjadi po odstranitvi vpliva starosti in telesne mase osebkov. Predstavljene spremenljivke sopopulacijska gostota (DEN), habitatna 
primernost (H), neto habitatna primernost (NET_H), povprečna letna količina padavin (MAP), povprečna letna temperatura (MAT), število dni s snegom (SC), 
delež gozda (F), dolžina gozdnega roba (FE), območja z bogato podrastjo (RU), gozdovi listavcev (DF), krmišča (FS), biomasa parkljarjev (BM), ostanek po 
odstranjenemu vplivu starosti (R_age) in ostanek po odstranjenem vplivu starosti ter telesne mase (R_age_bm). Bolj natančna opredelitev posameznih spremenljivk 
(enote, prostorski okvir) je podana v preglednici 6. Korelacije, označene s krepko pisavo, so značilne ( p < 0,05). 
Variable DEN H NET_H MAP MAT SC F FE RU DF FS BM R_age R_age_bm 
Population density 1.0000 0.3989 -0.9999 -0.2346 0.2050 -0.2018 -0.1970 0.4165 0.0700 0.0783 -0.1326 0.3554 0.0261 -0.0356 
Habitat suitability  1.0000 -0.3937 -0.6046 0.5952 -0.6063 -0.5965 0.5127 -0.1434 0.2877 -0.1214 -0.1184 0.1152 -0.0018 
Net habitat suitability   1.0000 0.2316 -0.2014 0.1981 0.1930 -0.4133 -0.0711 -0.0776 0.1321 -0.3571 -0.0255 0.0356 
Mean annual precipitation    1.0000 -0.6798 0.6703 0.5463 -0.1635 0.1583 -0.3765 0.0483 0.2519 -0.1085 0.0350 
Mean annual temperature     1.0000 -0.9150 -0.6019 0.2402 -0.2392 0.3883 -0.0554 -0.2568 0.1690 0.0310 
Number of days with snow 
cover 
     1.0000 0.6202 -0.2515 0.2080 -0.3225 0.0419 0.2438 -0.1585 -0.0131 
Percentage of forest       1.0000 -0.2538 0.1606 -0.1849 0.1957 0.2764 -0.1268 0.0260 
Forest edge length        1.0000 0.0376 0.0430 -0.1139 0.0458 0.0269 -0.0042 
Areas with rich undergrowth         1.0000 -0.0909 0.0607 0.2159 -0.0844 -0.0277 
Deciduous forests          1.0000 0.0567 0.0287 0.0619 0.0020 
Feeding sites           1.0000 0.1357 0.0017 0.0555 
Biomass of ungulates            1.0000 -0.0253 0.0452 
R_age             1.0000 0.8058 
R_age_bm             
 
1.0000 
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Finally, we ran two separate GLMs with the new selected set of independent variables, 
which were H, MAP, MAT, SC, RU, DF and FS. With the first model, we tested the 
effects of explanatory variables on R_age (reproductive output with removed effect of age) 
as a dependent variable, and in the second model we determined the effects on R_age_bm 
(reproductive output with removed effects of age, body mass and interaction age x body 
mass). We performed GLM with normal distribution and identity link function. We used 
best subsets approach and Akaike information criteria (AIC) to select the best model 
(Burnham and Anderson, 2002). We used model averaging on the selected set of models, 
with ΔAIC<2 (Liukko, 2007). 
4.3.2 Roe deer reproductive potential in different LUOs and different regions 
We calculated and presented mean values of studied parameters of roe deer reproductive 
potential separately for each LUO for which we obtained adequate number of samples of 
roe deer uteri (we did not receive any sample from Zahodnovisokokraško LUO, and we 
received only two samples from Triglavsko LUO, while in other 13 LUOs sample set was 
larger (n = 41–205; see Tables 20 and 21). Furthermore, in order to increase the robustness 
of the dataset and to show differences among main natural (ecological) units of Slovenia, 
we calculated the mean values for four separate regions and performed nonparametric 
Kruskal-Wallis test to test the differences among them. Basically, we followed the division 
into the four regions recognized by the ecological-landscape method, i.e. considering 
topography, lithology and climate (see Natek, 2002); however, we slightly modified 
position of these areas, considering primarily borders of LUOs which define characteristics 
and population range of wild ungulates in Slovenia. Regions used in our study are as 
follows: (i) Pre-Alpine region, which includes Gorenjsko, Kamniško-Savinjsko, Pohorsko 
and Zasavsko LUO; (ii) Pre-Pannonian region, which includes Posavsko, Savinjsko-
Kozjansko, Pomursko, Ptujsko-Ormoško and Slovenskogoriško LUO; (iii) Sub-
Mediterranean region, which coincides with the area of Primorsko LUO; (iv) Karstic-
Dinaric region, which includes Kočevsko-Belokranjsko, Novomeško and Notranjsko LUO. 
4.3.3 Inter-annual differences in reproductive potential 
To test differences in all studied parameters of reproductive potential of roe deer females 
among different years (2013–2015), we firstly used nonparametric Kruskal-Wallis test. 
Based on those results we afterwards focused only on reproductive output of yearlings. 
We ran GLM, in which we used potential reproductive output as a dependent variable and 
year of sampling (2013, 2014, 2015) and body mass as explanatory variables. We built all 
possible models and used the Akaike information criteria (AIC) to select the best and other 
still informative models with ΔAIC<2. We displayed parameter estimates and other base 
statistics only for the best model, while for the other models we showed only the model 
structure and ΔAIC (Table 27).  
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4.3.4 Reproductive parameters of roe deer at a continental scale 
This part of the thesis was prepared in collaboration with colleagues from the Mammal 
Research Institute, Bialowieza, Poland, and is in a modified form in the publication process 
(Flajšman et al., 2017c). We collected published data on roe deer reproduction by 
searching scientific databases (namely ISI Web of Science, Scopus, and ResearchGate), 
using the following key words: roe deer, Capreolus capreolus, reproduction, reproductive 
parameters, fertility, litter size, corpora lutea. Apart from one set of data from Slovenia 
(Flajšman et al., 2015), we used only peer-reviewed papers on free-ranging populations. 
For our analysis, we searched for the following data: percentage of pregnant females in a 
population, number of corpora lutea and/or number of embryos per reproducing females in 
all females (age not defined), subadults (12–24 month old) and adults (>24 months old), 
respectively. In total, 29 studies reporting on 61 local populations in 15 European countries 
were included in the analysis (Figure 7).  
 
Figure 7: Location of studies on roe deer reproduction in Europe, conducted in 1960–2015. Black points – 
data used in linear mixed-effects models (LMMs). Open points – data on some parameters were available 
only; these data were used for calculating mean values. 
Slika 7: Lokacije raziskav reprodukcije srnjadi v Evropi, izvedenih v obdobju 1960–2015. Črne točke – 
podatki, ki smo jih uporabili v linearnih mešanih modelih (LMMs). Prazne točke – dostopni samo podatki o 
določenih parametrih, ki smo jih uporabili pri izračunih povprečnih vrednosti. 
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For the studied sites (wherever available) we gathered information on population density 
(individuals/km2) and mean body mass of females (kg). Roe deer population densities had 
been estimated in previous studies by diverse methods including: drive-counts, capture-
mark recapture, vantage-point observations, pellet-group counts, and recalculation from 
harvest data controlled by pellet-group counts; three sources did not provide information 
on counting method. In the majority of studies, dressed or eviscerated body mass was 
provided. In cases where only body mass of live animals was reported, we multiplied live 
body mass by 0.75 to obtain the eviscerated body mass (after Krže, 2000). 
For study sites where data on roe deer population density and/or body mass were available, 
we calculated mean temperature of July from data for a 20-years period (1996 to 2015) 
recorded by the meteorological stations in the nearest available location (Weather 
Online, 2017). We used Google maps (http://maps.google.co.uk) to determine the 
coordinates of the approximate midpoint of the study sites. 
We used linear mixed-effects models (LMMs; Bates and Sarkar, 2006) to analyse the 
effects of body mass, population density, and mean temperature of July on fertility and 
litter size of roe deer females. Based on previous findings (Strandgaard, 1972a) and our 
own findings (Flajšman et al., 2015, 2017b; Chirichella et al., 2017) we assumed that the 
embryonic loss in the first period of gestation was negligible; therefore, data on the number 
of corpora lutea and embryos/foetuses were analysed together. In the analyses, we included 
only those populations where data on either density or on average body mass of females 
were available (Figure 7). Due to small sample set, before analyses we divided data on 
reproduction into two sets, with the first including body mass and the mean temperature of 
July, and the second including population density and mean temperature of July.  
Body mass showed strong positive increase with latitude above 56°N (Figure 24; see also 
Flajšman et al., 2017c), therefore we corrected the values of this variable by the effect of 
latitude. We applied the following procedure to make the correction: first, we ran a 
polynomial model to assess the strength of the relationship between variables; second, we 
extracted the model residuals and calculated the mean value of the predictor variable; and 
third, we corrected raw values of body mass by adding model residuals to the predictor 
mean. Population density was considerably negatively correlated with the mean 
temperature of July (R = -0.45 to -0.73), and therefore we could not use them together as 
explanatory factors in LMMs. Hence, in all further analyses we exclusively used 
population density.  
For some locations, we had the data series from different years, thus we set locality as a 
random factor in the mixed modelling framework (Zuur et al., 2009). Finally, we ran 12 
models which – for all females, subadults and adults – tested the effects of body mass and 
mean temperature of July on fertility and litter size, and the effect of population density on 
the two reproductive parameters. Models with fertility as a dependent variable expressed 
strong violation of independence in the distribution of model residuals. To deal with this 
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problem, we transformed fertility data with an arcsine function. We checked the normality 
and homoscedasticity in the distribution of the model's residuals by inspecting the 
diagnostic plots. In the case of model testing the effects of body mass on litter size in all 
females, the diagnostic plot indicated the presence of influential outlier, which was 
removed from further analyses. Applied variograms did not show significant spatial auto-
correlation in model residuals.  
4.3.5 Sex ratio of offspring  
The sample of pregnant females with foetuses was too small to perform any statistical 
analysis of effects of body mass on the sex ratio of foetuses.  
We performed analysis of the effects of maternal body mass on litter type in case of the 
dataset of females shot together with fawns (twins). Prior to the analysis, we corrected 
body masses according to the Julian date. We performed nonparametric Kruskal-Wallis 
test to test the effects of body mass on litter type. 
4.3.6 General information about statistical analyses 
All statistical analyses were conducted using R software version 3.1.2 (R Development 
Core Team, 2008) and Statistica 13 data analysis software system (Statistica, 2016). We 
defined p<0.05 as the level of statistical significance in all analyses. 
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5.1 PARAMETERS OF REPRODUCTIVE POTENTIAL OF ROE DEER 
FEMALES IN SLOVENIA 
5.1.1 Fertility, potential litter size and potential reproductive output 
In total, during the whole study period (2013–2015) fertility of roe deer females was high, 
as 97.6 % of all females regardless their age (n = 1312) were fertile. The average fertility 
of yearlings was 94.1 %, and in adults 98.6 %. Taking into account only females that had 
ovulated (regardless of their age), the mean potential litter size in the whole study period 
was 1.85 (1.58 in yearlings and 1.93 in adults). The mean potential reproductive output, i.e. 
average number of corpora lutea in total sample set (non-fertile individuals included), was 
1.80 in pooled sample: 1.49 in yearlings and 1.90 in adult females, respectively. 
5.1.2 Number of embryos/foetuses and implantation loss 
The average number of embryos/foetuses per roe deer female during the study period was 
1.7. Most of them (53.2 %) carried two embryos/foetuses, 27.7 % of females carried one, 
and in one case a female carried three embryos (Figure 8). 
  
Figure 8: Number of embryos/foetuses per pregnant female, during the study period 2013/14–2015/16. 
Numbers above bars denote the mean litter size.  
Slika 8: Število zarodkov na posamezno brejo samico v obdobju 2013/14–2015/16. Številke nad stolpci 
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Despite a small sample set of females (n = 30) which carried embryos/foetuses we tried to 
determine the implantation loss (the difference between number of foetuses and number of 
CL; see chapter 3.2.2). We analysed only the samples which contained both ovaries, in 
which we determined also the number of corpora lutea. The average implantation loss was 
5 % (95 % CI [0 %, 12 %]) (Table 8). 
Table 8: Data on roe deer uteri samples with embryos/foetuses, sampled in the study period 2013/14–
2015/16. Number of foetuses, number of CL and mean implantation loss in a year are shown. 
Preglednica 8: Podatki o vzorcih maternic srn z zarodki, zbranih v obdobju 2013/14–2015/16. Prikazano je 
število zarodkov, število rumenih telesc in povprečna izguba pri implantaciji v posameznem letu.  
Years Number of samples 
Number of 
embryos 
Number of CL 
Implantation loss 
(%) 
2013/14 6 10 10 0 
2014/15 12 23 25 8 
2015/16 12 19 20 5 
All 30 52 55 5 
 
In roe deer in Slovenia, the end of the delayed implantation period and the beginning of the 
embryonic growth usually take place in the end of December or in the beginning of 
January. Therefore, almost all samples used in this part of the study were collected in the 
late December (culled females) and in January–May period of the next year (road-killed 
does). However, there was also one case of embryos already present in uterus of a female 
that was culled in November (hunting ground: Starše; Slovenskogoriško LUO).  
5.2 EFFECTS OF INDIVIDUAL (MATERNAL) FACTORS ON 
REPRODUCTIVE POTENTIAL OF ROE DEER FEMALES  
This chapter (together with the relevant discussion; see chapter 6.2) represents one of the 
main parts of the doctoral dissertation; data presented here have already been published by 
the candidate as a first author in two SCI journals. In the first paper, we presented an 
empirical/descriptive findings on litter sizes of roe deer in Slovenia (and comparably in 
Tuscany, Italy), with emphasise on exceptionally, previously unknown large litters of even 
five offspring (Flajšman et al., 2017b). In the second paper, we presented age-related 
effects of body mass on fertility and litter size in roe deer (Flajšman et al., 2017a); the most 
important findings of this paper are in slightly modified form included in the thesis, i.e. 
primarily in a very this chapter and in the corresponding part of the discussion section.   
5.2.1 Effects of female age on reproductive potential 
We presented parameters of reproductive potential of females from different age classes. 
Across the whole study period, fertility was 94.1 % in yearlings, 98.4 % to 99.2 % in 
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young, middle-aged and old adults, and 95.0 % in elderly adults. However, the sample size 
in elderly adults was rather small (n = 40) and there were actually only two non-fertile 
females in this age group. In total, among 1312 analysed females only 30 individuals 
(2.3 %), i.e. 18 yearlings (5.9 %) and 12 adults (1.4 %), did not ovulate in the year of 
sampling (Table 9, Figure 9). 
Table 9: Reproductive parameters of roe deer females in different age classes. 




95 % confidence 
intervals 
Potential 










(n = 1312) Lower Upper (n = 1280) Lower Upper (n = 1312) Lower Upper 
Yearlings 94.1 91 97 1.58 1.52 1.64 1.49 1.42 1.55 
2-year-olds 98.9 97 100 1.82 1.75 1.89 1.80 1.72 1.87 
Young adults 98.4 97 100 1.92 1.87 1.96 1.88 1.84 1.93 
Middle-aged adults 99.2 98 100 1.98 1.92 2.03 1.96 1.90 2.02 
Old adults 98.7 97 100 2.00 1.92 2.08 1.97 1.89 2.06 
Elderly adults 95.0 88 100 1.95 1.81 2.08 1.85  1.66 2.04 
 
Fertile females carried one (19.9 %), two (75.8 %), three (3.8 %), four (five individuals, 
0.4 %) or five CL (one individual, 0.1 %). In yearlings, only one animal with three CL was 
found, and 40 % carried only one CL (potential litter size = 1.58 ± 0.06, n = 287). In 
contrast, almost 7 % of middle-aged and 8 % of old females carried three or more CL; 
however, 15 % of elderly does had only one CL or even failed to ovulate (Figure 9). 
 
Figure 9: Frequencies of the number of CL in roe deer females of different age classes. 
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5.2.2 Effects of female body mass on reproductive potential 
Irrespective of age, body mass positively affected both female fertility and number of CL. 
Despite the small sample (n = 25), it is very evident that fertility was the lowest in females, 
lighter than 10 kg (only 64.0 % of those females ovulated). Similarly, body mass affected 
potential litter size which was the lowest (1.38) among females with body mass <10 kg. 
Consequently, the lightest females had the lowest potential reproductive output (Table 10, 
Figure 10). 
Table 10: Reproductive parameters of roe deer females in different body mass classes. 
Preglednica 10: Razmnoževalni parametri samic srnjadi v različnih masnih razredih. 
Age class 
Fertility (%) 
95 % confidence 
intervals 
Potential 
litter size  





95 % confidence 
intervals 
(n = 1312) Lower Upper (n = 1280) Lower Upper (n = 1312) Lower Upper 
<10.0 64.0 44 84 1.38 1.11 1.64 0.88 0.56 1.20 
10.0-11.9 92.6 87 98 1.55 1.43 1.67 1.43 1.29 1.58 
12.0-13.9 98.1 96 100 1.71 1.64 1.77 1.67 1.60 1.74 
14.0-15.9 98.5 97 100 1.83 1.78 1.88 1.81 1.75 1.86 
16.0-17.9 99.7 99 100 1.93 1.89 1.97 1.93 1.88 1.97 
>18.0 97.5 95 1.00 2.08 2.02 2.14 2.03  1.96 2.10 
 
 
Figure 10: Frequencies of the number of CL in roe deer females in different body mass classes. 
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5.2.3 Age-related effects of body mass 
5.2.3.1 Comparison of age-related effects of body mass between yearlings and adults 
Taking into account both age and body mass, we observed that with increasing body mass, 
there was a clear increase in the number of females having potential for larger litters in 
both yearlings and adults (Table 11, Figures 11, 12). However, there is a large difference in 
the influence of body mass on fertility in the two age groups. In yearlings, 50 % of animals 
with body mass <10 kg were infertile, and some infertile individuals were found also in 
body mass categories up to 15.9 kg. On the contrary, all (6) yearlings with body mass 
>18.0 kg had two CL. There were some very rare individuals which fail to ovulate among 
adults, primarily in the mass category up to 11.9 kg. In both yearlings and adults, 
proportion of females with two or more CL sharply increased with the body mass, however 
within the same mass category there was a higher proportion of adults with two or more 
CL than yearlings. In adults, 54 does (5.4 %) had more than two CL, showing strong body 
mass dependence: none of them had body mass <12.0 kg and 11 % of does with body mass 
>18.0 kg had three or more CL (Table 11).  
Table 11: Percentage of roe deer yearlings and adults with given number of corpora lutea in different body mass 
classes. 
Preglednica 11: Delež mladic in odraslih srn z določenim številom rumenih telesc v različnih masnih razredih. 
  
  
Yearlings (%) Adults (%) 
Number of corpora lutea Number of corpora lutea 
Body mass (kg) 0 1 2 3 N 0 1 2 
3 or  
more 
N 
<10.0 50.0 38.9 11.1 0 18 0 42.9 57.1 0 7 
10.0–11.9 6.8 59.1 31.8 2.3 44 8.1 24.3 67.6 0 37 
12.0–13.9 3.2 51.1 45.7 0 94 1.2 21.3 74.0 3.6 169 
14.0–15.9 3.1 34.0 62.9 0 97 1.0 15.8 79.2 4.0 298 
16.0–17.9 0 17.4 82.6 0 46 0.3 10.2 84.6 4.9 305 
>18.0 0 0 100.0 0 6 2.6 3.7 82.7 11.0 191 
All together 5.9 40.0 53.8 0.3 305 1.4 13.2 80.0 5.4 1007 
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*small sample size/majhen vzorec (n = 6) 
Figure 11: Frequencies of the number of CL in roe deer yearlings in different body mass classes.  
Slika 11: Deleži mladic z različnim številom rumenih telesc po masnih razredih.  
 
 
**small sample size/majhen vzorec (n = 7) 
Figure 12: Frequencies of the number of CL in adult females in different body mass classes.  




























Flajšman K. Effects of individual, population and environmental factors on reproductive success of roe deer. 
   Doct. dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2017 
51 
 
We also compared the reproductive potential between yearlings and adult does by running 
GLMM models. The best models to describe both the fertility and potential litter size were 
models including main effects (age category, body mass) and their interaction (body 
mass × age). Full models were considerably better compared to other models (ΔAIC of the 
second best model was in the analysis of fertility 11.4, and in the analysis of potential litter 
size 4.3, respectively). The model of fertility predicts the higher fertility of adult females 
compared to yearlings; fertility increased with body mass and the effect of body mass was 
more pronounced in yearlings than in adults (Table 12). The model for number of CL 
similarly predicts a higher potential litter size for adults compared to yearlings, and 
potential litter size increasing with body mass. The model also predicts more pronounced 
effects of body mass on litter size in yearlings than in adults (Table 13). 
 
Table 12: Generalized linear mixed model of fertility of roe deer females. The fixed explanatory variables are 
age (yearlings and adults), individual body mass and body mass × age interaction (study period 2013–2015, 
n = 1312). Model selection was performed by Akaike information criteria (AIC). 
Preglednica 12: Posplošeni linearni mešani model plodnosti samic srnjadi. Fiksne pojasnjevalne 
spremenljivke so starost (mladice in odrasle srne), telesna masa in interakcija telesna masa × starost 






Age (yearlings vs. adults) -4.523 1.212 <<0.001 
Body mass 0.402 0.091 <<0.001 
Body mass × Age (yearlings vs. adults) 0.317 0.091 0.001 
Intercept -1.579 1.212 0.193 
 
Table 13: Generalized linear mixed model of potential litter size of roe deer females in Slovenia. The fixed 
explanatory variables are age (yearlings and adults), individual body mass and body mass × age interaction 
(study period 2013–2015, n = 1312). Model selection was performed by Akaike information criteria (AIC). 
Preglednica 13: Posplošeni linearni mešani model potencialne velikosti legel samic srnjadi. Fiksne 
pojasnjevalne spremenljivke so starost (mladice in odrasle srne), telesna masa in interakcija telesna masa × 






Age (yearlings vs. adults) -0.507 0.170 0.003 
Body mass 0.051 0.012 <<0.001 
Body mass × Age (yearlings vs. adults) 0.029 0.012 0.012 
Intercept -0.218 0.170 0.199 
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5.2.3.2 Comparison of age-related effects of body mass among different age classes 
The mean eviscerated body mass of roe deer females depended on the age of the 
individual; it increased from 13.8 ± 0.3 kg in yearlings to 16.1 ± 0.2 kg in young adults and 
to 16.2 ± 0.3 kg in middle-aged females, where it reached its peak. After this age, it started 
to decrease, and females from the oldest age class (elderly does) on average weighed 
14.5 ± 0.7 kg. The largest increase in body mass was observed between yearlings and 2-
year-old does (+1.9 kg, 13.8 %), confirming that yearlings had still not reached their full 
body size. While a decrease in body mass was observed in the last two age classes, in the 
case of reproduction, females reached their maximal potential productivity at an older age 
(Figure 13).  
 
Figure 13: Age-dependent differences in mean body mass and potential reproductive output in roe deer 
females. Error bars denote 95 % confidence intervals of the mean. 
Slika 13: Starostno pogojene razlike v telesni masi in potencialni reproduktivni sposobnosti samic srnjadi. 
Prikazani so 95 % intervali zaupanja. 
 
A significant increase in fertility was found only between yearlings and adults, while no 
significant differences were found among adult subclasses (Table 14). Potential litter size 
significantly differed both between yearlings and adults, and among age subclasses of 
adults, but in the last case the differences were much smaller (Table 14; for age-related 
differences in reproductive output, see Figure 13). 
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Table 14: Bivariate analyses of the effects of age on the reproductive potential (fertility, potential litter size) 
of roe deer females. Relations between variables (their categories are described in parentheses) were analysed 
by tests for homogeneity. The results of each analysis are presented in each row. 
Preglednica 14: Bivariatne analize vplivov starosti na razmnoževalni potencial (plodnost, potencialna 
velikost legla) samic srnjadi. Povezave med spremenljivkami (kategorije posameznih spremenljivk so opisane 
v oklepajih) smo analizirali s pomočjo testov homogenosti. Rezultati analiz so predstavljeni v vsaki vrstici. 
Variable 1 Variable 2 
Pearson 
chi-square value 





18.2* 1312 1 <<0.001 All individuals 
Age  
(2, 3–4, 5–7, 8+)  
Fertility  
(yes, no) 




(1, 2, 3, 4+) 




(2, 3–4, 5–7, 8+)  
Litter size 
(1, 2, 3, 4+) 
22.9 993 9 <<0.001 
Only fertile 
adults 
*With correction for continuity. 
Body mass also affected fertility and potential litter size. With increasing body mass, there 
is a clear, significant increase in reproductive potential of roe deer females, i.e. both in 
fertility and in potential litter size (Table 15). In yearlings, body mass strongly affected 
both reproductive parameters, but in adults this effect was less pronounced. The test for 
homogeneity revealed differences in fertility also among body mass classes in adults 
(Table 15), however these differences did not follow the body mass gradient and are 
therefore difficult to interpret. 
Table 15: Bivariate analyses of the effects of body mass on the reproductive potential (fertility, potential litter 
size) of roe deer females. Relations between variables (their categories are described in parentheses) were 
analysed by test for homogeneity. The results of each analysis are presented in each row. 
Preglednica 15: Bivariatne analize vplivov telesne mase na razmnoževalni potencial (plodnost, potencialna 
velikost legla) samic srnjadi. Povezave med spremenljivkami (njihove kategorije so opisane v oklepajih) smo 
analizirali s pomočjo testov homogenosti. Rezultati analiz so predstavljeni v vsaki vrstici. 




n df p Note 
Body mass – kg 
(<12, 12–14, 14–16, 16–18, 18+) 
Fertility  
(yes, no) 
111.0 1312 4 <<0.001 
All 
individuals 
Body mass – kg 
(<14, 14–16, 16–18, 18+) 
Fertility  
(yes, no) 
15.5 1007 3 0.001 Only adults 
Body mass – kg  
(<12, 12–14, 14–16, 16–18, 18+) 
Litter size 
(1, 2, 3+) 
182.0 1280 8 <<0.001 
Only fertile 
individuals 
Body mass – kg  
(<12, 12–14, 14–16, 16–18, 18+) 
Litter size 
(1, 2, 3+) 
73.9 993 8 <<0.001 
Only fertile 
adults 
*With correction for continuity. 
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In further statistical analyses, we grouped all individuals into three age categories in order 
to minimize possible errors in the age assessment (see Hewison et al., 1999b), taking into 
account age-specific changes in both body mass and potential reproductive output 
(Figure 13): yearlings (n = 305), young to middle-aged adults (2–7 years; n = 809) and 
older adults (8+ years; n = 198). 
In the GLMs, besides the main age category (yearlings vs. adults) and the effects of body 
mass per se, the interaction of body mass × age category also affected both fertility and 
potential litter size (Table 16). The effects of body mass on both reproductive parameters 
were more pronounced in yearlings than in adult does, and became weaker with age. The 
best GLM in adults predicts that potential litter size increases with body mass, but the 
effect is weaker in the first age category (young to middle-aged does) than in older adults 
(Table 17) where the curve (function) of either potential reproductive outcome or body 
mass is nearly flat (see Figure 14). 
Both the age and interaction age × body mass were included in the best GLM of potential 
litter size for adults, indicating that also the age in synergy with body mass contributed to 
variability in the potential litter size/reproductive output of adult does. GLM analyses 
indicated that in adult does body mass affects potential litter size (note also the structure of 
the GLMs of potential litter size with ΔAIC<2) but not fertility (Table 17). 
Table 16: Generalized linear models of fertility (n = 1312) and potential litter size (n = 1280) of subadult and 
adult roe deer females. The independent variables were age (yearlings vs. adults), body mass (covariate), 
body mass × age interaction, and year (2013, 2014 vs. 2015; fixed factor). Model selection was performed by 
the Akaike information criteria (AIC). For the best model, basic statistics are displayed, while for other 
models with ΔAIC < 2 only the model structure and ΔAIC are shown. 
Preglednica 16: Posplošeni linearni modeli plodnosti (n = 1312) in potencialne velikosti legel (n = 1280) 
mladic in odraslih srn. Neodvisne spremenljivke so starost (mladice vs. odrasle srne), telesna masa 
(kovariata), interakcija telesna masa × starost in leto (2013, 2014 vs. 2015; fiksen faktor). Model je bil 
izbran na podlagi kriterija Akaike (AIC). Prikazani so osnovni statistični parametri za najboljši model, za 
preostale modele z ΔAIC < 2 je prikazana le struktura modela in ΔAIC. 
Fertility (best model) = f (age + body mass + age × body mass + year); AIC = 246.2; p << 0.001 
 Estimate Standard error Wald value p 
Age (yearlings vs. adults) -4.727 1.244 14.4 <<0.001 
Body mass 0.416 0.094 19.6 <<0.001 
Body mass × age (yearlings vs. adults) 0.332 0.094 12.5 <<0.001 
Year (2013 vs. 2015) -0.781 0.285 7.5 0.006 
Year (2014 vs. 2015) -0.409 0.281 2.1 0.146 
Other models with ΔAIC < 2: none 
 
Potential litter size (best model) = f (age + body mass + age × body mass); AIC = 2023.3; p << 0.001 
 Estimate Standard error Wald value p 
Age (yearlings vs. adults) -0.279 0.178 2.5 0.117 
Body mass 0.035 0.012 8.5 0.004 
Body mass × age (yearlings vs. adults) 0.014 0.012 1.4 0.243 
Other models with ΔAIC < 2: f (age + body mass), ΔAIC = 0.5; f (age + body mass + year), ΔAIC = 1.9 
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Table 17: Generalized linear models of fertility (n = 1007) and potential litter size (n = 993) of adult roe deer 
females. The independent variables were age (2–7 years vs. 8+ years), body mass (covariate), body mass × 
age interaction, and year (2013, 2014 vs. 2015; fixed factor). Model selection was performed using the 
Akaike information criteria (AIC). For the best model, basic statistics are displayed, while for other models 
with ΔAIC < 2 only the model structure and ΔAIC are shown. 
Preglednica 17: Posplošeni linearni modeli plodnosti (n = 1007) in potencialne velikosti legla (n = 993) 
odraslih samic srnjadi. Neodvisne spremenljivke so starost (2–7 let vs. 8+ let), telesna masa (kovariata), 
interakcija telesna masa × starost in leto (2013, 2014 vs. 2015; fiksen faktor). Model je bil izbran na podlagi 
kriterija Akaike (AIC). Prikazani so osnovni statistični parametri za najboljši model, za preostale modele z 
ΔAIC < 2 je prikazana le struktura modela in ΔAIC. 
Fertility (best model) = f (year); AIC = 142.8; p = 0.004 
 Estimate Standard error Wald value p 
Year (2013 vs. 2015) -0.004 0.588 0.001 0.995 
Year (2014 vs. 2015) -1.218 0.457 7.098 0.008 
Other models with ΔAIC < 2: none 
 
Potential litter size (best model) = f (age + body mass + age × body mass); AIC = 2646.2; p = 0.012 
 Estimate Standard error Wald value p 
Age (2–7 years vs. 8+ years) -0.095 0.089 1.4 0.262 
Body mass 0.020 0.012 2.6 0.089 
Body mass × age (2–7 years vs. 8+ years) 0.010 0.016 0.3 0.532 
Other models with ΔAIC < 2: f (age + body mass), ΔAIC = 1.1; f (body mass), ΔAIC = 1.9 
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Figure 14: Potential reproductive output (average number of CL, including infertile individuals) of roe deer 
females in relation to body mass by age category. Age categories are as follows: yearlings (15–19 months 
old), young to middle-aged adults (2–7 years old), and older adults (8+ years old). Samples were pooled 
based on the body mass of individuals into five groups with an equal number of units across the total sample 
set (for intervals, see marks above the x axis). In the case of the first and the last body mass groups, dots are 
horizontally positioned on the mean body mass of all individuals in these two groups. Error bars denote 95 % 
confidence intervals of the mean. 
Slika 14: Potencialna razmnoževalna sposobnost (povprečno število CL, vključno z neplodnimi osebki) samic 
srnjadi glede na telesno maso in starostne kategorije. Starostne kategorije so sledeče: mladice (15–19 
mesecev), mlade do srednje stare srne (2–7 let) in starejše srne (8+ let). Vzorci so bili združeni glede na 
telesno maso osebkov v pet skupin z enakim številom enot glede na celotni vzorec (intervali so prikazani na 
zgornji strani x osi). Točke na grafu so v primeru prve in zadnje masne skupine postavljene horizontalno na 
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5.3 EFFECTS OF ENVIRONMENTAL FACTORS ON REPRODUCTIVE 
OUTPUT OF ROE DEER FEMALES 
Firstly, we tested the effects of environmental factors on the variable R_age, in which the 
effect of age on reproductive output was previously removed. This analysis provided the 
set of 10 models (Table 18). The best model describing the effects on roe deer reproductive 
output irrespective of the age was the model which included two variables: mean annual 
temperature (MAT) and percentage of forests (F). It explained 28.8 % of the variability in 
potential reproductive output of roe deer females. The best model indicated significant 
positive relationship (p = 0.001) between MAT and R_age, and significant negative 
relationship (p = 0.019) between F and R_age. Furthermore, the variable MAT was 
included in all of the models with ΔAIC ≤ 2, and F was included in 9 out of 10 models. 
Variable rich undergrowth (RU) appeared in 4 models, and other variables were either 
included only twice (DF) or only once (H, MAP, SC, FS). The average model suggested 
positive effects of MAT, SC, DF and FS, and negative effects of MAP, F and RU. The 
most important were the effects of MAT and F, while the effects of other variables were 
rather weak. 
Table 18: Model selection (based on the AIC criteria) for the generalized linear models (GLMs) with the 
R_age as a dependent variable and habitat suitability (H), mean annual precipitation (MAP), mean annual 
temperature (MAT), number of days with snow cover (SC), percentage of forest (F), areas with rich 
undergrowth (RU), deciduous forests (DF) and feeding sites (FS) as the explanatory variables. Only models 
with ΔAIC ≤ 2 are presented. Variable estimates for each of the models and calculated estimates for the 
average model are presented. 
Preglednica 18: Izbor posplošenih linearnih modelov (GLM) (določen na podlagi AIC kriterija) z odvisno 
spremenljivko R_age in neodvisnimi spremenljivkami: habitatna primernost (H), povprečna letna količina 
padavin (MAP), povprečna letna temperatura (MAT), število dni s snegom (SC), delež gozdov (F), območja z 
bogato podrastjo (RU), gozdovi listavcev (DF) in krmišča (FS). Prikazani so modeli, pri katerih je ΔAIC ≤ 2. 
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Secondly, we tested the effects of environmental factors on the variable R_age_bm, in 
which the effects of age and body mass on reproductive output were previously removed. 
The analysis provided a set of 18 models with ΔAIC ≤ 2 (Table 19). The best model 
describing the effects on R_age_bm was the model which included only mean annual 
temperature (MAT): it was in significant positive relationship with R_age_bm (p = 0.016), 
but explained only 5.8 % of variability. This variable was included in 13 out of 18 models. 
Number of days with snow cover (SC) was included in seven models, and feeding sites 
(FS) in six models. Other variables were included in four or less models. The average 
model suggested positive effects of MAP, MAT, DF and SF, and negative effects of SC 
and RU on reproductive output of roe deer females after removing the effects of main 
maternal factors (age, body mass).  
Table 19: Model selection (based on the AIC criteria) for the generalized linear models (GLMs) with the 
R_age_bm as a dependent variable and habitat suitability (H), mean annual precipitation (MAP), mean 
annual temperature (MAT), number of days with snow cover (SC), percentage of forest (F), areas with rich 
undergrowth (RU), deciduous forests (DF) and feeding sites (FS) as the explanatory variables. Only models 
with ΔAIC ≤ 2 are presented. Variable estimates for each of the models and calculated estimates for the 
average model are presented. 
Preglednica 19: Izbor posplošenih linearnih modelov (GLM) (določen na podlagi AIC kriterija) z odvisno 
spremenljivko R_age_bm in neodvisnimi spremenljivkami: habitatna primernost (H), povprečna letna 
količina padavin (MAP), povprečna letna temperatura (MAT), število dni s snegom (SC), delež gozdov (F), 
območja z bogato podrastjo (RU), gozdovi listavcev (DF) in krmišča (FS). Prikazani so modeli, pri katerih je 
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5.4 SPATIAL VARIABILITY OF REPRODUCTIVE POTENTIAL OF 
ROE DEER FEMALES IN SLOVENIA 
5.4.1 Reproductive potential of roe deer females in different hunting management 
districts 
We separately present reproductive parameters of yearlings and adult females in different 
hunting management districts (LUO) across the whole study period 2013–2015 (Tables 20 
and 21). It has to be taken into account that the sample sizes in some districts were rather 
small, e.g. in Triglavsko LUO we only collected one sample of yearling and one sample of 
adult doe, and in four LUOs we had less than ten samples of yearlings. Reproductive 
parameters of yearlings differed among LUOs. Fertility ranged from 87.2 % to 100 %, 
potential litter size from 1.43 to 1.83, and potential reproductive output from 1.33 to 1.83, 
respectively. In the majority of LUOs, all or almost all yearlings carried corpora lutea, i.e. 
they were fertile. Fertility of yearlings was the lowest in Gorenjsko LUO (87.2 %), while 
the lowest potential litter size (1.43) and the lowest reproductive output (1.33) were in 
Kamniško-Savinjsko LUO. The highest reproductive output was in Ptujsko-Ormoško LUO 
(1.83), Notranjsko LUO (1.83) and Pomursko LUO (1.74), where fertility was 100 % 
(Table 20). 
Table 20: Reproductive parameters of roe deer yearlings in different hunting management districts, pooled 
data for the whole studied period (2013–2015). 
Preglednica 20: Razmnoževalni parametri mladic v različnih lovskoupravljavskih območjih, združeni podatki 
za celotno raziskovalno obdobje (2013–2015). 
Hunting management 
district 







Gorenjsko 87.2 47 1.61 41 1.40 47 
Kamniško-Savinjsko 93.0 43 1.43 40 1.33 43 
Kočevsko-Belokranjsko 96.9 32 1.58 31 1.53 32 
Notranjsko 100.0 6 1.83 6 1.83 6 
Novomeško 91.7 12 1.55 11 1.42 12 
Pohorsko 92.1 38 1.49 35 1.37 38 
Pomursko 100.0 23 1.74 23 1.74 23 
Posavsko 100.0 8 1.63 8 1.63 8 
Primorsko 100.0 9 1.56 9 1.56 9 
Ptujsko-Ormoško 100.0 6 1.83 6 1.83 6 
Savinjsko-Kozjansko 95.2 42 1.70 40 1.62 42 
Slovenskogoriško 90.9 22 1.50 20 1.36 22 
Triglavsko 100.0 1 2.00 1 2.00 1 
Zasavsko 100.0 16 1.44 16 1.44 16 
All 94.1 305 1.58 287 1.49 305 
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Fertility of adult females was generally very high and it ranged among LUOs from 96.7 % 
to 100 %; potential litter size ranged from 1.82 to 2.13 and the same holds true for 
potential reproductive output (Table 21). The lowest fertility was found in 
Slovenskogoriško LUO (96.7 %), Savinjsko-Kozjansko LUO (97.0 %) and Primorsko 
LUO (97.1 %). The smallest potential litter size (and also the potential reproductive 
output) was found in Kočevsko-Belokranjsko LUO (1.82), where however fertility was 
100 %. Similarly, low reproductive output (1.82) was also in Primorsko LUO, where 
potential litter size was 1.88. Hunting management districts where potential reproductive 
outputs were the highest are located in north-eastern Slovenia, i.e. Ptujsko-Ormoško LUO 
(2.13) and Pomursko LUO (2.03) (Table 21).  
Table 21: Reproductive parameters of roe deer adult females in different hunting management districts, 
pooled data for the whole studied period (2013–2015). 
Preglednica 21: Razmnoževalni parametri odraslih srn v različnih lovskoupravljavskih območjih, združeni 
podatki za celotno raziskovalno obdobje (2013–2015). 
Hunting management 
district 








Gorenjsko 98.3 118 1.90 116 1.86 118 
Kamniško-Savinjsko 99.2 119 1.90 118 1.88 119 
Kočevsko-Belokranjsko 100.0 91 1.82 91 1.82 91 
Notranjsko 100.0 35 1.91 35 1.91 35 
Novomeško 100.0 30 1.93 30 1.93 30 
Pohorsko 98.1 159 1.83 156 1.80 159 
Pomursko 100.0 66 2.03 66 2.03 66 
Posavsko 100.0 36 1.97 36 1.97 36 
Primorsko 97.1 34 1.88 33 1.82 34 
Ptujsko-Ormoško 100.0 53 2.13 53 2.13 53 
Savinjsko-Kozjansko 97.0 169 1.99 164 1.93 169 
Slovenskogoriško 96.7 61 2.00 59 1.93 61 
Triglavsko 100.0 1 2.00 1 2.00 1 
Zasavsko 100.0 35 1.91 35 1.91 35 
All 98.6 1007 1.93 993 1.90 1007 
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5.4.2 Reproductive potential of roe deer females in different regions of Slovenia 
In yearlings, percentage of fertile individuals varied among regions between 91.7 % (Pre-
Alpine region) and 100 % (Sub-Mediterranean region), but the differences in fertility were 
not significant (Kruskal-Wallis test: χ2 = 3.089; p = 0.38). There was also nonsignificant 
variation in potential litter size (χ2 = 6.962; p = 0.07), which ranged from 1.50 (Pre-Alpine 
region) to 1.67 (Pre-Pannonian region). Also, the potential reproductive output of yearlings 
was the lowest in Pre-Alpine region (1.38), and the highest in Pre-Pannonian region (1.60). 
Differences in reproductive output among regions were also significant (χ2 = 9.333; 
p = 0.03) (Table 22, Figures 15, 17). 
In adult females, there was nonsignificant variation in percentage of fertile individuals 
among regions (χ2 = 3.304; p = 0.35): fertility ranged from 97.1 % (Sub-Mediterranean 
region) to 100 % (Karstic-Dinaric region). Potential litter size of adult does ranged from 
1.88 (Pre-Alpine region and Sub-Mediterranean region) to 2.02 (Pre-Pannonian region), 
and the differences between regions were statistically significant (χ2 = 25.738; p = 0.000). 
There were also significant differences in potential reproductive output (χ2 = 20.949; 
p = 0.000) which ranged from 1.82 (Sub-Mediterranean region) to 2.00 (Pre-Pannonian 
region) (Table 23, Figures 16, 18). 
 
Table 22: Reproductive parameters of roe deer yearlings in different regions of Slovenia (period 2013–2015). 
Preglednica 22: Razmnoževalni parametri mladic v različnih regijah v Sloveniji (obdobje 2013–2015). 
Region 
Fertility (%) 
(n = 304) 
Potential litter 
size  
(n = 286) 
Potential 
reproductive 
output (n = 304) 
Pre-Alpine region 91.7 (144) 1.50 (132) 1.38 (144) 
Karstic-Dinaric region  97.4 (50) 1.60 (48) 1.54 (50) 
Pre-Pannonian region 96.0 (101) 1.67 (97) 1.60 (101) 
Sub-Mediterranean region 100.0 (9) 1.56 (9) 1.56 (9) 
 
Table 23: Reproductive parameters of adult does in different regions of Slovenia (period 2013–2015). 




(n = 1006) 
Potential litter 
size 
(n = 992) 
Potential 
reproductive 
output (n = 1006) 
Pre-Alpine region 98.6 (431) 1.88 (425) 1.85 (432) 
Karstic-Dinaric region  100.0 (156) 1.87 (156) 1.87 (126) 
Pre-Pannonian region 98.2 (385) 2.02 (378) 2.00 (385) 
Sub-Mediterranean region 97.1 (34) 1.88 (33) 1.82 (34) 
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Figure 15: Frequencies of the number of CL in roe deer yearlings in different regions of Slovenia (period 2013–2015). 




Figure 16: Frequencies of the number of CL in adult roe deer does in different regions of Slovenia (period 2013–2015). 
Slika 16: Deleži odraslih srn z različnim številom rumenih telesc v različnih regijah v Sloveniji (obdobje 2013–2015). 
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Figure 17: Mean potential reproductive output of roe deer yearlings in different regions of Slovenia. Boxes 
denote standard error of the mean, and bars denote 95 % confidence intervals. 
Slika 17: Povprečna potencialna razmnoževalna sposobnost mladic v različnih regijah v Sloveniji. Prikazane 




Figure 18: Mean potential reproductive output of adult roe deer does in different regions of Slovenia. Boxes 
denote standard error of the mean, and bars denote 95 % confidence intervals. 
Slika 18: Povprečna potencialna razmnoževalna sposobnost odraslih srn v različnih regijah v Sloveniji. 
Prikazane so standardne napake aritmetične sredine in 95 % intervali zaupanja. 
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5.5 INTER-ANNUAL VARIABILITY IN REPRODUCTIVE POTENTIAL 
OF ROE DEER FEMALES 
We observed inter-annual (for the period 2013–2015) differences in all studied parameters 
of roe deer reproductive potential. Results are presented separately for yearlings and adult 
females. When comparing fertility of yearlings and adults, inter-annual variability was 
higher and also significant in yearlings (Kruskal-Wallis test: χ2 = 20.614; p = 0.000) with 
the largest difference between years 2013 and 2014, while in the year 2015 fertility 
remained almost the same as in the year before (Table 24, Figure 19). There were also 
significant differences in fertility of adult females among studied years (χ2 = 10.167; 
p = 0.006). 
Table 24: Inter-annual variability in fertility of roe deer females during the study period 2013–2015. Data are 
presented separately for yearlings and adults, but also for all females together.  
Preglednica 24: Medletna variabilnost v plodnosti samic srnjadi v obdobju 2013–2015. Podatki so prikazani 
ločeno za mladice in odrasle srne ter skupaj za vse samice. 
Year Yearlings (%) n Adults (%) n All females (%) n 
2013 82.9 70 99.1 231 95.4 301 
2014 97.3 111 97.1 385 97.2 496 
2015 97.6 124 99.7 391 99.2 515 
All 94.1 305 98.6 1007 97.6 1312 
 
Figure 19: Mean annual fertility of roe deer yearlings (n = 305) and adults (n = 1007) during the study period 
2013–2015. Bars denote 95 % confidence intervals. 
Slika 19: Povprečna letna plodnost mladic (n = 305) in odraslih samic srnjadi (n = 1007) v obdobju 2013–
2015. Prikazani so 95 % intervali zaupanja. 
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Similary as fertility, potential litter size was the lowest in the year 2013 and the highest in 
the year 2014 (Table 25). Differences among years suggest that inter-annual variability in 
the potential litter size was larger in yearlings than in adults. In yearlings, differences in 
potential litter size among years were significant (χ2 = 12.500; p = 0.002): in the year 2013, 
the average litter size was 1.40, and it increased to 1.68 in the year 2014 (Table 25, 
Figure 20). In adults, potential litter size increased from 1.87 in 2013 to 1.97 in 2014, 
respectively (χ2 = 8.807; p = 0.012). 
Table 25: Inter-annual variability in potential litter size of roe deer females during the study period 2013–
2015. Data are presented separately for yearlings and adults, but also for all females together. 
Preglednica 25: Medletna variabilnost v potencialni velikosti legla samic srnjadi v obdobju 2013–2015. 
Podatki so prikazani ločeno za mladice in odrasle srne ter skupaj za vse samice. 
Year Yearlings n Adults n All females n 
2013 1.40 58 1.87 229 1.78 287 
2014 1.68 108 1.97 374 1.90 482 
2015 1.58 121 1.92 390 1.84 511 
All 1.58 287 1.93 993 1.85 1280 
 
 
Figure 20: Mean annual potential litter size of roe deer yearlings (n = 287) and adults (n = 993) during the 
study period 2013–2015. Bars denote 95 % confidence intervals.  
Slika 20: Povprečna letna velikost legla mladic (n = 287) in odraslih samic srnjadi (n = 993) v obdobju 
2013–2015. Prikazani so 95 % intervali zaupanja. 
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Potential reproductive output of all sampled females was also the lowest in the year 2013 
and the highest in the year 2014. Again, higher and statistical significant (χ2 = 24.874; 
p = 0.000) variation was observed in yearlings, in which the year 2013 was the least 
productive, and the mean reproductive output was only 1.16, mostly due to a high 
percentage of non-pregnant females. It increased by 0.47 CL per yearling in the next year. 
In the case of adult females, the inter-annual variability in mean reproductive output was 
not so pronounced, i.e. there were no significant differences among three successive years 
(χ2 = 4.941; p = 0.09); however, they also had the lowest potential output in the year 2013 
(Table 26, Figure 21). 
Table 26: Inter-annual variability in potential reproductive output of roe deer females during the study period 
2013–2015. Data are presented separately for yearlings and adults, but also for all females together. 
Preglednica 26: Medletna variabilnost v potencialni razmnoževalni sposobnosti samic srnjadi v obdobju 
2013–2015. Podatki so prikazani ločeno za mladice in odrasle srne ter skupaj za vse samice. 
Year Yearlings n Adults n All females n 
2013 1.16 70 1.86 231 1.69 301 
2014 1.63 111 1.91 385 1.85 496 
2015 1.54 124 1.91 391 1.82 515 
All 1.49 305 1.90 1007 1.80 1312 
 
Figure 21: Mean annual potential reproductive output of roe deer yearlings (n = 305) and adults (n = 1007) 
during the study period 2013–2015. Bars denote 95 % confidence intervals. 
Slika 21: Povprečna letna reproduktivna sposobnost mladic (n = 305) in odraslih srn (n = 1007) v obdobju 
2013–2015. Prikazani so 95 % intervali zaupanja. 
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The percentage of yearlings without corpora lutea, i.e. those which had not ovulated, was 
the highest in the year 2013, when it reached 17.1 %. In the same year, 51.4 % of yearlings 
had one CL, 30.0 % had two, and one yearling had three CL. In the following years, the 
percentage of non-ovulating yearlings was 2.7 % (2014) and 2.4 % (2015), respectively. 
The highest percentage of yearlings carrying two CL was in the year 2014 (65.8 %) 
(Figure 22). 
Among adults, most females produced two corpora lutea in all studied years (77.5 % in 
2013, 80.8 % in 2014, and 80.8 % in 2015, respectively). The highest percentage of non-
ovulating females (2.9 %) was observed in the year 2014. However, in the same year there 
was also the highest percentage (6.5 %) of females carrying three CL (Figure 23). 
 
 
Figure 22: Frequencies of the number of CL in roe deer yearlings during the study period 2013–2015. 
Slika 22: Deleži mladic z različnim številom rumenih telesc v obdobju 2013–2015. 
 
 
Figure 23: Frequencies of the number of CL in adult does during the study period 2013–2015. 
Slika 23: Deleži odraslih srn z različnim številom rumenih telesc v obdobju 2013–2015. 
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For statistically testing inter-annual variability in reproductive potential of roe deer, we 
performed GLM analysis, where we focused only on yearlings which exhibited the most 
pronounced inter-annual variability in all three studied parameters (see Figures 19–21). We 
only analysed effects on potential reproductive output as the parameter that combine both 
fertility and potential litter size. The best model contained both included explanatory 
variables – year and body mass (Table 27), which explains that inter-annual variability in 
reproductive output of roe deer yearlings is the result of both effects of year and body 
mass.  
Table 27: Generalized linear model of potential reproductive output of roe deer yearlings (n =305). The 
independent variables were year (2013, 2014 vs. 2015) and body mass. Model selection was performed using 
the Akaike information criteria (AIC). For the best model, basic statistics are displayed, while for other 
models with ΔAIC < 2 only the model structure and ΔAIC are shown. 
Preglednica 27: Posplošeni linearni model razmnoževalne sposobnosti mladic. Neodvisni spremenljivki sta 
leto (2013, 2014 vs. 2015) in telesna masa. Model je bil izbran na podlagi kriterija Akaike (AIC). Prikazani 
so osnovni statistični parametri za najboljši model, za preostale modele z ΔAIC < 2 je prikazana le struktura 
modela in ΔAIC. 
Reproductive output of yearlings (best model) = f (year + body mass); AIC = 766.348; p = 0.000 
 
Estimate Standard error Wald value p 
Year 2013 vs. 2015 -0.183 0.082 4.955 0.026 
Year 2014 vs. 2015 0.109 0.067 2.661 0.103 
Body mass 0.075 0.021 12.890 0.000 
Other models with ΔAIC < 2: f (body mass), ΔAIC = 1.3 
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5.6 ROE DEER FERTILITY AND POTENTIAL LITTER SIZE AT THE 
CONTINENTAL SCALE 
For better understanding the effects of maternal body mass (at the population level), 
population density and weather conditions on reproductive performance of roe deer 
females we prepared as an upgrade of the main goals of the dissertation also a meta-
analysis of all former studies on reproductive abilities of roe deer females in Europe. This 
part of the thesis was made in collaboration with colleagues from the Mammal Research 
Institute (Bialowieza, Poland), and is in modified form (focus only on the effect of mean 
populations’ body masses and population densities) in the process of publication as an 
original scientific paper (Flajšman et al., 2017c). 
Across 59 study sites in 14 European countries which were included in this part of the 
study, roe deer population densities ranged from 4.5 to 73.5 individuals/km2. The mean 
(± SE) population body mass equalled to 16.5 ± 0.3 kg, and was significantly lower in 
subadult females (15.3 ± 0.4 kg) than in adults (16.9 ± 0.4 kg) (Man-Whitney-Wilcoxon 
test, W = 732, p = 0.001). Mean temperature of July ranged from 14.1˚C to 25.5˚C. The 
fertility of females (percentage of pregnant does) averaged 86.0 ± 2.4 %, and was higher in 
adult females (89.6 ± 1.5 %) than in subadult ones (76.9 ± 3.3 %) (W = 962, p = 0.005) 
(Table 28). Females had on average 1.79 ± 0.03 embryos/foetuses or corpora lutea per 
pregnant female, and mean litter size was significantly lower in subadults (1.61 ± 0.05) 
than in adults (1.90 ± 0.04) (W = 1293, p < 0.001). 
Table 28: Population density, mean temperature of July, body mass and fertility parameters in European roe 
deer populations studied in 1960–2015. Fertility – pregnant females as percent of all females. Litter size – 
number of corpora lutea or embryos/foetuses per pregnant female. N – sample size. 
Preglednica 28: Populacijske gostote, povprečne julijske temperature, telesne mase in plodnost samic srnjadi iz 
različnih populacij v Evropi v obdobju 1960–2015. Plodnost – breje samice kot delež od vseh samic. Velikost 
legla – število rumenih telesc ali zarodkov/fetusov na posamezno brejo samico. N – velikost vzorca. 
Parameter Mean ± SE Min–Max N 
Population density (N/km2) 21.3 ± 2.8 4.5–73.5 43 
Mean temperature of July (˚C)  18.1 ± 0.4 14.1–25.5 43 
Body mass (kg) 
All females 
 
16.5 ± 0.3 11.7–22.1 60 
Subadults 15.3 ± 0.4 11.2–20.8 31 
Adults 16.9 ± 0.4 12.1–22.4 32 
Fertility (%) 
All females 86.0 ± 2.4 51–100 51 
Subadults 76.9 ± 3.3 35–100 34 
Adults 89.6 ± 1.5 67–100 41 
Litter size  
All females 1.79 ± 0.03 1.0–2.4 70 
Subadults 1.61 ± 0.05 1.0–2.2 35 
Adults 1.90 ± 0.04 1.1–2.4 47 
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Mean population body mass of roe deer females significantly varied in latitudinal gradient 
in both subadult and adult females (Figure 24). Between 46° and 63°N, mean body mass of 
subadults increased from 14.4 to 18.8 kg, and that of adults from 16.4 to 20.3 kg. Thus, for 
the analysis of the body mass effect on reproductive performance, data on the body mass of 
females were corrected for latitude.  
 
 
Figure 24: Latitude-related changes in body mass (dressed carcass weight) of female roe deer in Europe. Bar 
lines are quadratic regression lines. 
Slika 24: Z zemljepisno širino pogojene spremembe v telesni masi (iztrebljena telesna masa) samic srnjadi v 











UK, southern parts 
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Regarding fertility, we did not observe a significant effect of body mass in a continental 
scale (Table 29), which is in accordance with results obtained at the individual level in 
Slovenia (see chapter 5.2). On the other hand, a higher temperature of July – a dominant 
time considering roe deer reproduction – increased the fertility of female roe deer, and its 
effect was more pronounced in subadults than in adults (Table 29, Figure 25). A range of 
July temperatures from 14.0 to 25.3°C enhanced fertility by 45 % in subadults and by 21 % 
in adults. On the contrary, increasing population density negatively affected female fertility 
and had again a stronger impact on subadult than on adult females (Table 29, Figure 26). 
With population density varying from 5 to 34 individuals/km2, the average proportion of 
pregnant females declined from 97 to 62 % in subadults, and from 99 to 82 % in adult 
does. 
Table 29: Effects of body mass, mean temperature of July and population density on fertility of roe deer 
females throughout Europe. Results of linear mixed-effects models (LMMs) are presented. 
Preglednica 29: Vpliv telesne mase, povprečne julijske temperature in populacijske gostote na plodnost 
samic srnjadi v Evropi. Prikazani so rezultati linearnega mešanega modela (LMMs). 
Variables Mean estimate ± SE t-value P-value R2 N 
Body mass and mean temperature of July 
All females 
Intercept  0.108 ± 0.378 0.285 0.778 0.37 34 
MT of July  0.046 ± 0.012 3.925 0.001 
  
Body mass 0.015 ± 0.019 0.784 0.459 
  
Subadults 
Intercept  -0.453 ± 0.458 -1.155 0.263 0.52 27 
MT of July  0.069 ± 0.014 4.904 <0.001 
  
Body mass 0.024 ± 0.025 0.965 0.372 
  
Adults 
Intercept  0.339 ± 0.330 1.026 0.317 0.41 31 
MT of July  0.043 ± 0.011 4.063 0.001 
  




Intercept  1.491 ± 0.058 25.51 <0.001 0.44 23 
Density -0.013 ± 0.003 -3.632 0.005   
Subadults      
Intercept  1.480 ± 0.079 18.63 <0.001 0.43 19 
Density -0.017 ± 0.005 -3.596 0.006   
Adults 
Intercept  1.559 ± 0.049 31.55 <0.001 0.42 23 
Density -0.012 ± 0.003 -3.951 0.002   
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Figure 25: Influence of the mean temperature of July on fertility of roe deer females in Europe.  




Figure 26: Influence of population density on fertility of roe deer females in Europe.  
Slika 26: Vpliv populacijske gostote na plodnost samic srnjadi v Evropi.  
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We observed a significant positive correlation between body mass and litter size in both 
subadult and adult females (Table 30, Figure 27). The body mass effect was similar for 
subadult and adult does. The growing body mass (subadults: from 11.2 to 20.8 kg; adults: 
from 12.1 to 22.4 kg) increased litter size by 0.98 corpora lutea/embryo per pregnant 
female in subadults, and by 0.92 in adults, respectively (Figure 27).  
High population density had a negative effect on litter size. However, it was significant 
only in the subsample of all females (Table 30, Figure 28), in which with population 
density varying from 4.5 to 73.5 individuals/km2 mean litter size declined from 2.0 to 1.4.  
We did not observe any effect of mean temperature of July on litter size of roe deer 
females (Table 30). 
Table 30: Effects of body mass, mean temperature of July and population density on litter size of roe deer 
females throughout Europe. Results of linear mixed-effects models (LMMs) are presented. 
Preglednica 30: Vpliv telesne mase, povprečne julijske temperature in populacijske gostote na potencialno 
velikost legla samic srnjadi v Evropi. Prikazani so rezultati linearnega mešanega modela (LMMs). 
Variables Mean estimate ± SE t-value p R2 N 
Body mass and MT of July 
All females 
Intercept  1.414 ± 0.450 3.145 0.004 0.20 38 
MT of July  0.001 ± 0.015 0.078 0.938 
  
Body mass 0.022 ± 0.022 0.969 0.361 
  
Subadults 
Intercept  -0.039 ± 0.486 -0.080 0.937 0.41 27 
MT of July  0.002 ± 0.016 0.117 0.908 
  
Body mass 0.101 ± 0.026 3.868 0.008 
  
Adults 
Intercept  -0.104 ± 0.377 -0.276 0.785 0.58 30 
MT of July  0.022 ± 0.013 1.690 0.106 
  




Intercept  2.035 ± 0.076 26.69 <0.001 0.65 30 
Density -0.008 ± 0.002 -3.353 0.004   
Subadults 
Intercept  1.645 ± 0.121 13.54 <0.001 0.07 19 
Density 0.0004 ± 0.007 0.064 0.951   
Adults 
Intercept  2.025 ± 0.059 34.50 <0.001 0.25 27 
Density -0.001 ± 0.003 -0.317 0.757   
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Figure 27: Influence of body mass on litter size of roe deer females in Europe. Lines are drawn for significant 
effects only. 
Slika 27: Vpliv telesne mase na potencialno velikost legla samic srnjadi v Evropi. Krivulje so prikazane le v 
primerih, ko je vpliv značilen. 
 
 
Figure 28: Influence of population density on litter size of roe deer females in Europe. Lines are drawn for 
significant effects only. 
Slika 28: Vpliv populacijske gostote na potencialno velikost legla samic srnjadi v Evropi. Krivulje so 
prikazane le v primerih, ko je vpliv značilen. 
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5.7 SEX RATIO OF OFFSPRING  
5.7.1 Sex ratio of foetuses 
The sample size for determination of the sex ratio of foetuses was rather very small. We 
were able to determine the sex of 39 foetuses (from 24 does), from which 18 were female 
and 21 were male, so based on this sample, the sex ratio of foetuses was 1:0.9 in favour of 
males. In one case of twin pregnancy, one of the foetuses was too damaged so the sex was 
not visible. Out of 23 does, 8 had singletons and 15 had twins. In case of singleton 
pregnancies, there were 3 male and 5 female foetuses. More than half twin pregnancies 
(n = 8) were mixed litters, in 5 cases there were two male foetuses and in two cases there 
were two female foetuses. 
5.7.2 Sex ratio of fawns and effects of mother phenotype 
From the on-line available dataset on all harvested roe deer in Slovenia in the period 2013–
2015, we collected data for 180 females that were shot together with two fawns. In most of 
the cases (n = 95; 53 %) females had mixed litters, in 45 cases (25 %) they had only female 
fawns and in 40 cases (22 %) they had only male fawns. Among different body mass 
classes of roe deer does, there were variations in litter type. Does with lower body mass, 
i.e. in age classes <14 kg and 14–15.9 kg (eviscerated body mass), had more mixed litters 
than does from heavier body mass classes, in which however, neither male-male nor 
female-female litters prevailed (Figures 29, 30).  
 
Figure 29: Litter types (male-male, female-female, mixed litter) in relation to the body mass of does shot 
together with two fawns in the period 2013–2015. 
Slika 29: Tipi legel (samički, samčka, mešano leglo) glede na telesno maso srn, odstreljenih skupaj z dvema 
mladičema v obdobju 2013–2015. 
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Figure 30: Average body mass of does shot together with two fawns in the period 2013–2015 in relation to 
litter types (male-male, female-female, mixed litter). 
Slika 30: Povprečna telesna masa srn, odstreljenih skupaj z dvema mladičema v obdobju 2013–2015, glede 
na tipe legel (samičke, samčki, mešano leglo). 
 
Although females with lower body mass seems to produce more mixed litters (Figures 29, 
30), differences in litter type in relation to body mass of females were not statistically 
significant (Kruskal-Wallis test: χ2 = 4.916; p = 0.086). 
In total, the sex ratio of fawns, shot as twins together with their mothers in the period 
2013–2015, was 1:1.1 in favour of females. Does with lower body mass (<14 kg) had more 
male fawns, but also does from the heaviest body mass class (>18 kg) had more male 
offspring. On the contrary, the sex ratio of fawns produced by females weighting from 14 
to 17.9 kg was strongly (1:1.3) in favour of females (Table 31). 
Table 31: Sex ratio of fawns produced by does from different body mass classes. 
Preglednica 31: Spolno razmerje mladičev srn iz različnih masnih razredov. 
Body mass 
class (kg) 
Sex ratio of fawns 
(male:female) 
n 
<14 1:0.7 36 
14–15.9 1:1.3 52 
16–17.9 1:1.3 62 
>18 1:0.9 30 
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Mean body mass of female fawns was slightly lower (9.0 kg) than mean body mass of 
male fawns (9.1 kg), and along with the increase in maternal body mass, also body mass of 
fawns of both sexes increased (Figure 31). 
 
Figure 31: Increase of body mass of fawns in relation to the maternal body mass. Boxes denote standard 
errors of the mean and bars denote 95 % confidence intervals. 
Slika 31: Večanje telesne mase mladičev z naraščajočo telesno maso srn. Prikazane so standardne napake in 
95 % intervali zaupanja. 
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6.1 CORPORA LUTEA COUNTS AS THE MEASURE OF THE 
REPRODUCTIVE POTENTIAL OF ROE DEER FEMALES 
We analysed reproductive capacity of roe deer females in the early stage of pregnancy 
(particularly during the embryonic diapause) by counting corpora lutea (CL). We are 
aware that by this method we cannot measure (changes in) actual litter sizes in roe deer due 
to possible unsuccessful fertilization of released ova, implantation failure, resorptions of 
foetuses/abortions in latter stage of pregnancy or subsequent neonatal mortality. Moreover, 
since the ovulation is a relatively low-cost process (Bronson et al., 1991; Mauget et al., 
1997), CL counts are neither convenient as a measure of gross reproductive 
effort/investment. Nevertheless, they still provide important insight in reproductive 
potential of roe deer females at an early stage of reproduction which predetermines also the 
final reproductive outcome as well as reproductive investment in later, more advanced and 
costly stages. Indeed, our results fit fairly well with results of studies examining body mass 
effects in later stages of reproduction, i.e. by analysing foetuses or new-born fawns 
(Gaillard et al., 1992; Hewison, 1996; Andersen and Linnell, 2000). Moreover, by 
comparing number of CL and foetuses within the same individuals being road-killed in the 
latter stage of pregnancy (January–May period) we revealed that the mismatch between 
both figures is almost negligible (5 %; Table 8), which is in accordance with the results 
from a much larger sample set originated from Tuscany, central Italy (2,623 does, shot 
between 1st January and 15th March, 2006–2015), where the mean implantation failure was 
8.6 % (Chirichella et al., 2017). Therefore, we believe that the presence and the number of 
CL in ovaries in autumn (reflecting both ability of roe deer females to reproduce and the 
number of released ova which could be fertilized afterwards) are reliable indicators of 
overall reproductive potential of roe deer females, particularly yearlings in which 
implantation failure is indeed very low (ibid.). Yet, as the ability for producing ova (and 
also foetuses) substantially differs among roe deer females (potential litter size from one to 
five in a single pregnancy; see also Flajšman et al., 2017b), the understanding of 
differences in fertility rates and particularly in the number of ovulations as well as the 
impact of different influential factors are essential to understand the variability in expected 
number of offspring, i.e. the expected increment rate in the up-following year(s).   
For determination of the effects of some influential factors such as body mass on the 
reproductive performance of does, CL counts even have an important pro in comparison 
with employment of foetuses/fawns: as they are measured in the early stage of the 
reproduction when the reproductive investment is rather low, female body mass has not 
been yet affected by different subsequent investment due to the maternal care. Therefore, 
when counting CL the influence of body mass on reproductive potential is likely clearer as 
it would be in more advanced stages of reproduction. 
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6.2 EFFECTS OF DIFFERENT INFLUENTIAL FACTORS ON 
REPRODUCTIVE POTENTIAL OF ROE DEER FEMALES 
6.2.1 Effects of individual factors (age and body mass) 
In mammals, the beginning of the first oestrous is generally strongly correlated with body 
mass or growth rate (Gaillard et al., 1992). Therefore, body mass is expected to be the 
main factor determining the age of the first reproduction and in consequence also the 
fertility in yearlings; once past the threshold for puberty, body mass has a lower impact on 
fertility in adults. In populations of large herbivores, females generally produce first 
offspring at two or three years of age, but in some small- or medium-sized species (such as 
roe deer) females can give birth during or immediately after finishing their first year of life. 
Roe deer females differ from other European cervids by their high reproductive potential, 
which is reflected in larger litters (up to five offspring; Flajšman et al., 2017b) as well as in 
an early sexual maturity (Danilkin, 1996). Mating of roe deer (the rut) occurs in mid to late 
summer (Andersen et al., 1998a) therefore the most common age at the first breeding is 
15–17 months.  
Indeed, in our study as many as 94 ± 1 % of yearlings were fertile. 50 % of yearlings with 
body mass <10.0 kg failed to ovulate while all yearlings heavier than 16.0 kg were fertile 
(Chapter 5.2.3.1, Table 11, Figure 11). Yearlings in poor body condition have to invest 
their resources primarily in body growth and development while heavier ones can invest 
more energy in reproduction. Due to lower mean body mass of yearlings in comparison 
with adults and their intensive growth in the 10-month period from mating to fawning 
relative metabolic costs of the first reproduction are higher than in the subsequent 
reproductive years (Mauget et al., 2003). Except in the first part of pregnancy, mass-
specific metabolism during gestation is higher in primiparous females than in multiparous 
individuals, indicating the occurrence of additional costs due to growth in young females. 
Due to the considerable differences in metabolic costs between primiparous and 
multiparous females, adult females in general have a higher probability of ovulation than 
yearlings at the same body mass (ibid.).  
The same age-dependent effect of body mass on fertility was observed in moose in which 
ovulation rate was lower and more variable among primiparous females than in older cows, 
and at the same body mass prime-aged cows had higher probability to ovulate than 
yearlings (Sand, 1996; Garel et al., 2009). Connection between the onset of the first 
reproduction and body mass was reported also in some other ungulates, e.g. in red deer 
(Mitchell and Brown, 1974; Mitchell et al., 1977; Hamilton and Blaxter, 1980; Albon et 
al., 1983, 1986; Hudson et al., 1991; Cook et al., 2004; Borowik, 2014; Borowik et al., 
2016), fallow deer (Langbein, 1991), reindeer (Skogland, 1985), white-tailed deer 
(DelGiudice et al., 2007), wild boar (Servanty et al., 2009; Jelenko et al., 2013; Vetter et 
al., 2016), and domestic sheep (Weladji et al., 2003).  
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Body mass influences not only whether or not roe deer females may ovulate, but it has an 
even stronger influence on the number of offspring that they can have which was clearly 
demonstrated also in our study. Our data on the influence of female body mass on potential 
litter size coincide fairly well with existing findings, i.e. that young, primiparous females 
have on average smaller litters than adult roe deer does (e.g. Hewison, 1996), and that roe 
deer females with higher body mass produce larger litters (e.g. Gaillard et al., 1992; 
Hewison, 1996; Andersen and Linnell, 2000; Focardi et al., 2002; Macdonald and Johnson, 
2008). Hewison and Gaillard (2001) found in various roe deer populations from Great 
Britain that does carrying more than one CL were significantly heavier than does with a 
potential to produce singleton only; they also observed that the increase in potential litter 
size with body mass was particularly marked in yearlings. In Scandinavia, roe deer females 
with above average body mass expressed 40 % higher productivity (in number of fawns 
per doe) than those with a below average body mass (Andersen and Linnell, 2000). Our 
results revealed that proportion of females carrying more than one CL markedly increased 
with the body mass in yearlings and in adult does: >90 % of adults and all yearlings with 
body mass >18.0 kg had potential to produce two or more offspring (Chapter 5.2.3.1, Table 
11, Figure 12). However, at the same body mass yearlings produced fewer CL than adult 
does as also shown by Hewison (1996). 
Also in the continental context, we found that the average body mass of females in a 
population has a significant and strong effect on litter size. Indeed, the growing body mass 
(subadults: from 11.2 to 20.8 kg; adults: from 12.1 to 22.4 kg) increased potential litter size 
by 0.98 in subadults, and by 0.92 in adults, respectively (see Flajšman et al., 2017c). 
Our data also indicate that there is an age-dependent shift in reproductive potential and 
probably also in allocation of resources from body growth into reproduction. While young 
females (not only yearlings but also younger adults) that have not reached their full body 
size allocate their resources primarily into the body growth and less into reproduction, 
older females exhibit larger reproductive efforts even when their body condition is weak. 
However, at higher body mass also younger individuals (including yearlings) shift their 
efforts into the reproduction, and after reaching an age-specific threshold the body mass 
does not have any further effects on the reproductive output of roe deer females (Chapter 
5.2.3.2, Figure 13). While in older adults body mass does not have any obvious influence 
on reproductive potential, in young adults this threshold seems to be at lower values as in 
yearlings. This indicates that subadult females balance reproductive efforts until reaching 
almost maximal body size, and that body mass primarily influences reproductive 
performance of younger and particularly lighter individuals. However, in roe deer females 
body growth terminates at a specific age (24–26 months; Danilkin, 1996; Gaillard et al., 
1998) regardless of body size they reached, therefore even individuals of lower body mass 
but with terminated body growth may start allocating more in the reproduction. 
Long-lived iteroparous species often show age-related changes both in reproduction 
(Bérubé et al., 1999) and in body mass, firstly due to the growth of individuals, and 
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secondly, at the end of their life-span due to the senescence (reviewed in Nussey et al., 
2011). Indeed, we observed a marked change of mean body mass of roe deer females with 
ageing (Figure 13), and senescent individuals on average weighted 1.7 kg (10.5 %) less 
than middle-aged females. Although the observed decrease of mean body mass in very old 
individuals may partly be an artefact of potentially overestimated age of animals in poor 
condition due to their faster tooth-wear (for the influence of individual and environmental 
factors on tooth-wear in different deer species, see review in Pokorny et al., 2012), many 
studies of wild mammals have also documented age-related decrease in body mass of old 
individuals which may decline through senescence of physiological function and reduced 
foraging ability (reviewed in Nussey et al., 2011).  
Considering the pronounced impact of body mass on reproductive potential of roe deer as 
well as a high rate of reproduction in early life it may be expected that reproductive ability 
of roe deer females would decrease toward the end of their life-span. However, so far only 
a study from France (Chizé) showed a marked decrease in fertility among roe deer females, 
older than 12 years (Gaillard et al., 1998). Decrease in reproductive outcome with the 
senescence was more often observed in red deer (see Clutton-Brock et al., 1982), and some 
studies suggested that hinds undergo reproductive senescence when they are 8–11 years 
old (Belgium: Bertouille and de Crombrugghe, 2002), older than 12 years (Norway: 
Langvatn et al., 1996, 2004) or older than 13 years (Slovenia: Jelenko et al., 2013). 
However, there was no observed senescence effect on reproduction of red deer hinds in 
Polish populations (Borowik, 2014). Similarly, there were no signs of senescence effect on 
reproduction of white-tailed deer females up to 15.5 years (DelGiudice et al., 2007). 
Our data showed only a slightly decreasing trend of potential reproductive output of very 
old roe deer females, which was observed some years after the body mass culmination 
(Chapter 5.2.3.2, Figure 13). Body mass decline started already in females older than 7 
years, while potential litter size increased in females of 8–9 years and only decreased in 
females of 10 years and older. Increased reproductive capacity at more advanced age, 
combined with declining body mass indicates that older does invest more in reproduction 
than in body condition, in accordance with the terminal investment hypothesis (Clutton-
Brock et al., 1982; Morin et al., 2016). However, we also found a slight decrease of 
reproductive potential in very old animals which is in accordance with the senescence 
hypothesis propounded by Bérubé et al. (1999). Our data may therefore support both non-
mutually exclusive theories on age-related changes in reproduction of roe deer females: on 
one hand, it is clear that females’ relative reproductive effort increased towards the end of 
their lifespan; on the other hand, a slight decline in absolute reproductive outcome of very 
old females was also observed. However, since the actual litter sizes may also partially 
differ from potential ones due to the implantation failure and/or resorption of foetuses, 
especially in the oldest animals (see Danilkin, 1996; Hewison and Gaillard, 2001), further 
studies are needed to confirm the existence of either reproductive senescence or terminal 
reproductive investment in roe deer females. 
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In the present study, we considered body mass as a proxy of condition/quality of individual 
females. Although the individual condition could also be presented by the percentage of fat 
in the body (e.g. mandible marrow fat; see Borowik, 2014), we believe that in roe deer, 
which is an income breeder that does not store its body reserves, body mass is reliable 
indicator of body condition. Similar conclusion was supported in the study of Hewison et 
al. (1996), where the seasonal cyclicity in body fat (kidney fat index, three bone-marrow 
fat indices) did not match the energy requirements of reproductive activity. Based on their 
findings, authors suggested that in roe deer body mass is more reliable index of animal 
condition than the amount of body fat. However, studies on red deer (Borowik, 2014) 
showed significantly higher body mass and a percentage of mandible marrow fat in 
pregnant than in non-pregnant hinds. In the same study, a positive effect of the body mass 
on the female fertility decreased with mother‘s age, whereas a positive correlation between 
the marrow fat content and fertility was even more pronounced with increasing age. 
Considering this finding, we believe that studies on roe deer reproduction should in the 
future be upgraded with additional indices of individual condition, and the possible effects 
should be studied also in relation to either kidney or bone-marrow fat amounts. 
6.2.1.1 Exceptionally large litters: are they produced by heavier does 
In our sample set of roe deer females shot or road-killed in Slovenia in the period 2013–
2015, we also found six cases of adult females (three old, two middle-aged, and one young 
one) with exceptionally large potential litters (we understood every female carrying >3 
corpora lutea as an exceptional breeder which had a potential to produce >3 offspring; for 
details, see Flajšman et al., 2017b). Five does (0.4 %) carried four, and in one (0.1 %) we 
found even five corpora lutea. Exceptional breeders were present in a low frequency 
(0.5 %) which confirms that larger litters are very much an exception in roe deer 
reproduction (Danilkin, 1996). Nevertheless, it is interesting to understand whether such 
large litters can be produced only by females with remarkable phenotypic quality, i.e. those 
whose body mass substantially exceeds the average body mass of comparable females shot 
in the same area/period, or are just a stochastic event.  
While the probability to produce litters >2 offspring clearly increased with the body mass 
(see Chapter 5.2.3), does with four or five corpora lutea were not in all cases heavier in 
comparison with averaged does, harvested in the same hunting management district and in 
the same period (Appendix 1). Indeed, while three (ID-487, ID-540, ID-1538) out of six 
does with exceptionally large potential litters had significantly higher body mass in 
comparison with the mean body mass of all relevant does, two of them (ID-79, ID-1821) 
were even significantly lighter. Particularly interesting is that the doe with five corpora 
lutea, shot at 16th September 2013 in the Jesenice hunting ground, had an eviscerated body 
mass of only 13.0 kg, indicating that this exceptional ovulation is a stochastic episode 
rather than a reproductive performance of a very vital individual. In any case, females 
should adjust their reproductive effort prior to substantial investment. For roe deer, due to 
delayed implantation this adjustment may occur at ovulation/fertilization during the 
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summer rut or at implantation in mid-winter (Hewison and Gaillard, 2001). However, 
while these processes shape the reproductive performance of roe deer females in general, 
i.e. by influencing fertility and average litter sizes within and among populations (which 
are both predominantly determined by body mass and its age-related influence; see Chapter 
6.2.1), some does can have exceptionally large litters – up to five offspring – even when 
their phenotypic quality is not remarkably high. 
Although we are not able to predict that any of does with exceptional (potential) litter size 
would actually give birth to four or even five fawns, very low resorption of foetuses along 
with low implantation failure found in our sample set (see Chapter 5.1.2) indicates that at 
least some of them would. Particularly because we also had possibility to compare and 
combine our data with data from Tuscany, central Italy (see Flajšman et al., 2017b): there, 
in a huge sample set originating from the winter hunting (1st January – 15th March 2006–
2015; n = 2960) we found four females carrying four and two females carrying even five 
normally developed foetuses which were of comparable size with the set of triplets that 
were found in does shot at the same period and in the same hunting management districts 
as each exceptional breeder.     
6.2.1.2 Hermaphroditism as a potential reason for infertility of some individuals 
Percentage of non-ovulating adult does was very low (1.4 %), and in the most cases they 
had low body masses, i.e. they were in bad body condition. However, in one doe with 
above-average vitality we came across an interesting and rare case of infertile adult female, 
but this individual had pedicles with small antlers. The roe deer, culled in the Koper 
hunting ground on 6th October 2014, carried no corpora lutea in ovaries and the inspection 
of the uterus showed no signs of the previous pregnancies. The eviscerated body mass of 
this individual was 19 kg, and based on the tooth wear criteria it was estimated to be 5–7 
years old. Based on the photo material and the notes provided by the hunters this individual 
(recognized as a female roe deer) also developed small antlers covered by velvet. There 
was no report on any other male-sexual traits. 
Antlers in female roe deer are usually small but often develop several irregular ends, and 
are more common among older individuals (Mysterud and Ǿstbye, 1999). The 
development of antlers in female does is often connected with hermaphroditism, i.e. 
presence of both male and female reproductive glands at a given individual and it appears 
mostly in older animals (Mysterud and Ǿstbye, 1999; Pajares et al., 2009; Flis, 2012).  
The connection between antlers in roe deer females and their reproductive organs was 
firstly described by Rörig (1899), who grouped antlered females according to the condition 
of reproductive organs into the following groups: (i) normal reproductive organs without 
any pathological signs; (ii) diseased or atrophic ovaries, usually of unknown causation; (iii) 
ovarian atrophy associated with senescence; (iv) ovo-testes (true hermaphrodites); and (v) 
rudimentary testes, located abdominally and having no recognizable ovarian component 
(pseudo-hermaphrodites).  
Flajšman K. Effects of individual, population and environmental factors on reproductive success of roe deer. 
   Doct. dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2017 
84 
 
There are two types of hermaphroditism: true and pseudo-hermaphroditism. True 
hermaphrodites have characteristics of both male and female genitals, and are extremely 
rare in vertebrates. On the other hand, the pseudo-hermaphroditism is characterized by the 
presence of exclusively secondary and tertiary sexual traits at a given individual (Pajares et 
al., 2009; Flis, 2012). The reason for female pseudo-hermaphroditism is an exposure of the 
foetus to androgens during the first trimester of pregnancy. There is also a syndrome called 
freemartinism which develops in females born from twin pregnancies when their co-twin is 
a male. The freemartinism develops during the embryonic development because of the 
disturbance in formation of gonads and elements of reproductive system. Due to 
connection between the placental vascular systems of the two foetuses, masculinising 
molecules reach the female twin and disrupt the normal sexual differentiation. This leads to 
defects in development and structure of the genital system in females and their infertility. 
This syndrome was observed and described in domestic ruminants and is one of the most 
commonly found intersex conditions in cattle, where it appears in 90 to 97 % of twin 
pregnancies (Esteves et al., 2012).  
Freemartinism was also studied in roe deer, where the infertility of females in twin 
pregnancies was not discovered (Sysa and Kałuziński, 1984). Authors of the study 
suggested that roe deer developed certain biological mechanisms which prevent such 
phenomena and that the interplacental barrier in roe deer is most probably more hermetic 
compared to other species with placentas of a similar type, such as domestic cattle, sheep 
or goats (ibid.). 
The hermaphroditism and pseudo-hermaphroditism in roe deer and other wild animals 
occur very rarely, however the literature review reveals that there are some reports on them 
(Netzer, 1987; Flis, 2012). Flis (2012) reported on four individuals of roe deer in the 
Lublin area (Poland) that also developed antlers. All of those individuals were older 
animals with below average body mass for that study area. They all had female genitalia 
but none of them had offspring, which could be connected with the disturbance of the 
sexual cycle due to the hormonal disorders (higher concentrations of male hormones), 
which is a consequence of hermaphroditism. Mysterud and Ǿstbye (1999) studied the 
frequency of antlered females in the Lier valley (Norway): the incidence of antlered 
females was the highest among does, older than 3.5 years (14.8 %, n = 27). There were 
also some cases in younger females (6.0 %, n = 50 among fawns; 6.9 %, n = 29 among 1.5 
year-olds; 0 %, n = 20 among 2.5 year-olds). Unfortunately, authors did not describe the 
reproductive status of antlered females. 
The presence of antlers in deer females is not always the sign of their infertility. Wislocki 
(1954) analysed the reproductive status of three antlered white-tailed deer females and 
found that they were all fertile as both signs of lactation and corpora lutea were present.  
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6.2.2 Effects of population density 
In ungulates, high population density can indirectly affect reproduction through social 
stress and lower per capita availability of food (Hewison, 1996; Couturier et al., 2010; 
Body et al., 2011). Increase of population density may cause a decrease in the number of 
pregnant females in the population, lead to smaller litters, and postpone the age of the first 
breeding (Focardi et al., 2002; Bonenfant et al., 2009). The negative effect of high 
population density on reproductive rates of ungulates was reported both in temporal 
context in one population (long time-series of data on demography; e.g. Mysterud et al., 
2007) and in spatial context, i.e. by comparison of different populations (Andersen et al., 
1998a; Andersen and Linnell, 2000; Focardi et al., 2002). Negative association between 
population density and fertility was explained by deterioration of female body condition 
caused by intraspecific competition (Stewart et al., 2005; Tavecchia et al., 2005). 
However, when studying the influence of assessed population density on the reproductive 
performance of roe deer we obtained contrasting results: (i) we did not detect the effect of 
density on the reproductive outcome of roe deer females by employing our own data 
collected in the period 2013–2015 within Slovenia (see Table 7); (ii) the opposite result 
was found by meta-analysis at a continental scale, where we found significant influence of 
reported population densities on mean litter size in 30 European roe deer populations (see 
Table 30, Figure 28); indeed, across Europe mean litter size in the sample of all females 
(primiparous ones and adults) declined from 2.0 to 1.4 with the increase of population 
density from 4.5 to 73.5 individuals/km2 (for details, see Flajšman et al., 2017c).  
Contrary to our findings, some previous studies made at the local scale suggested that high 
population densities may reduce fertility, potential litter size and finally the total 
reproductive output of roe deer females (Andersen and Linnell, 2000; Focardi et al., 2002). 
Contrary to this, in the eastern part of Pisa province (central Italy), Lombardini et al. 
(2017) failed to detect a density-dependent regulation of the roe deer does’ reproductive 
performance either considering previous-year or same-year densities. Different findings 
among previous studies as well as within our thesis (when operating with Slovene data vs. 
pan-European ones) could be explained by differences in densities relative to carrying 
capacities, i.e. in different saturation levels among different populations. Indeed, density-
dependent effects in life-history traits of large mammals most often occur at high densities, 
when populations approach the carrying capacity of habitat (Fowler, 1981; Gaillard et al., 
2000). In Slovenia, precise population densities of roe deer are rather unknown (we 
employed assessed densities provided by Stergar et al. (2012b) who used in their estimates 
data on average cull in 1 x 1 km grid, and controlled by pellet-group counts in the model 
areas), but they seem to be far beyond the carrying capacity for this species (see also 
Stergar, 2017). This was suggested also by Jerina et al. (2013) who revealed a positive 
correlation between roe deer body mass and estimated population density of the species in 
the country: roe deer from the areas with the highest densities were the heaviest which 
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suggests that the carrying capacity has still not been reached. If population densities of roe 
deer in Slovenia do not overcome carrying capacity it is obvious that they will not notable 
influence average body masses that are the main driver of variability in reproductive 
performance of does (see Chapter 6.2.1, Figure 16). Therefore, both interval of population 
densities of roe deer and their relative values are rather too small/low to affect the 
reproductive ability of the species even when the effect of body mass was not controlled 
for, i.e. not excluded from the statistical analysis (R_age: rs = 0.03; see Table 7). 
The main pathway of density-dependence affecting reproduction is via body mass of 
females. Individuals in good condition attain the threshold size, reproduce earlier and have 
higher fecundity than females in poor condition (Bonenfant et al., 2009). Melis et al. 
(2009) found that − in absence of large carnivores − food availability was the major factor 
shaping population density of roe deer in Europe, and proposed that the causal mechanism 
underlying the observed pattern was regulation by competition for food causing density-
dependence in population growth rates. In general, an increase in population density leads 
to unequal partitioning of food resources among individuals (as a result of contest 
competition; Łomnicki, 1978), to reduction in components of reproduction (from ovum to 
weaning) and to increase of mortality (review in: Bonenfant et al., 2009). Young age 
classes respond to changes in density earlier than older ones (Eberhardt, 2002).  
In contrast to the local-scale results from Slovenia, our meta-analysis of roe deer 
populations at a much larger biogeographic scale (in the pan-European context) confirmed 
the density-dependence both in fertility rates (Figure 28) and in litter sizes (Figure 30). 
Similarly as in red deer (Bonenfant et al., 2002) and in moose (Gingras et al., 2014), also in 
roe deer subadults reacted at a lower density and to a greater extent than adult females, 
thus the mean age at the first reproduction also grew with the population density. However, 
it must be kept in mind that in our meta-analysis body mass was a population mean and not 
a proxy of condition of individual females. As population density increases, individual 
heterogeneity in life-history traits is expected to increase as well (Łomnicki 1978), so the 
averaged values are only crude indicators of the general condition of a local population. In 
our meta-analysis, the available dataset included only 13 local populations with both 
parameters (population density and mean body mass of females in the population) 
available to us, so we had to model their effects separately. Nonetheless, the effect of body 
mass (corrected for latitudinal variation; see Figure 26) on roe deer reproduction was 
highly corresponding with the density effect: higher mean population body mass resulted 
in bigger litter size, more so in adults than in subadult females. However, in our models 
these two factors (average body mass and population density) explained maximally        
54–65 % of the observed variation in average litter size in roe deer populations across 
Europe (see also Flajšman et al., 2017c). This shows that also some other influential 
factors, such as evolutionary variation in life-history traits and particularly different 
environmental factors, i.e. climate and factors defining habitat quality, play their roles in 
determining reproductive performance of roe deer females. 
Flajšman K. Effects of individual, population and environmental factors on reproductive success of roe deer. 
   Doct. dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2017 
87 
 
6.2.3 Effects of environmental factors 
6.2.3.1 Effects of climate  
Reproductive performance of different animal species can be highly affected by changes in 
climatic factors, such as temperature or precipitation (Bronson, 2009; Rodriguez-Hidalgo 
et al., 2009; Servanty et al., 2009; Bloemhof et al., 2014; Lombardini et al., 2017). Climate 
conditions can affect the reproductive traits directly via changing female body condition or 
indirectly via altering food source availability and nutritional condition of females, 
particularly in spring (Parker et al., 2009; Gaillard et al., 2013). Nutrition influences the 
ovarian activity in two ways. On the one hand, undernutrition can inhibit reproduction 
through the hypothalamic mechanism that controls ovulation. On the other hand, 
nutritional supplementation enhances the fecundity through facilitating ovarian mechanism 
of females that are already ovulating (Scaramuzzi and Martin, 2008). For example, in 
ewes, the short-term food supplementation increased the ovulation rate by 54 % in the 
previously underfed group, and by 23 % in the well-fed group (Nottle et al., 1997). In 
domestic animals, there is always a challenge to provide a proper nutritional profile to 
optimize their reproductive performance (Meteer et al., 2015), therefore many methods for 
nutritional/energy supplementation or nutritional flushing were developed. For instance, in 
cows with a restricted diet, flushing enhanced follicular growth, increased the fertilization 
rate and/or reduced early embryonic loss; however, flushing appeared to be effective only 
for cows in poor body condition but not for those in good body condition (Grimard et al., 
1998). Certainly, it is difficult to project results obtained in farmed animals to free-ranging 
roe deer, but based on those mechanisms it is clear that nutritional status (which variability 
is primarily influenced by weather condition) during the breeding period has an important 
role, and that favourable nutritional/weather conditions can increase reproductive output 
also in animals with lower body mass. 
Our results showed moderately significant correlations between both studied climatic 
factors and reproductive output of roe deer females when controlling for the effect of age 
only (R_age): there was a positive correlation with mean annual temperature (rs = 0.17), 
and negative correlation with mean annual precipitation (rs = -0.18). However, when 
controlling also for the effect of body mass (R_age_bm) neither average annual 
temperature nor precipitation showed significant correlations with residuals (see Table 7), 
indicating that both climatic factors affected reproductive outcome of roe deer females 
primarily indirectly, i.e. via their influence on body mass. However, the GLM (see Table 
18 and Table 19) revealed that the mean annual temperature (MAT) was one of the most 
important variables that influence the reproductive output irrespective of age and also 
irrespective of age and body mass (always positively), i.e. it was included in the majority 
of the best models (with ΔAIC < 2) when testing either the effects on R_age (included in 
all 10 models) or on R_age_bm (13 out of 18 best models). Although its variable estimates 
for the average model were rather low (0.060 and 0.023 for R_age and R_age_bm, 
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respectively), this variable remained in the model with R_age_bm, where the effect of 
body mass was excluded, which indicates that the mean annual temperature does not affect 
the reproduction only through effects on body mass but can also have moderate direct 
effect. On the contrary, the mean annual precipitation (MAP) appeared only in a very few 
models (one for R_age, three for R_age_bm), and its effects were almost none, indicating 
that this variable does not have any direct effects on roe deer reproductive potential.  
However, data on mean annual temperature and mean annual precipitation indicate habitat 
quality (particularly nutrient quality) in a wider range (i.e. in the continental perspective) 
but do not indicate stressing events (i.e. harsh winters and particularly dry summers) which 
may influence roe deer reproduction more directly. Since data on mean monthly 
temperatures/rainfall were not available to us in adequate spatial window (i.e. in 1 x 1 km 
grid which were used for spatial statistical analyses) and construction of such data would 
be far above the goals of this thesis, we rather tested the influence of summer 
weather/climate (i.e. during the rut period) on the reproductive performance at the 
continental scale. Moreover, the influence of weather conditions during the summer is also 
indirectly visible from the inter-annual variability of the reproductive potential of roe deer 
females (see Chapter 6.4). 
At the continental scale, we tested the effects of July temperature on fertility and potential 
litter size of roe deer females, and we detected highly significant increase of fertility with 
increasing July temperature both in yearlings and adults (Table 30, Figure 27), while the 
summer weather did not influence the mean litter size in populations (Table 31). 
Temperature during the rut is an important environmental factor affecting deer 
reproductive cycle. Some studies suggest that heat stress decreases expression of oestrous 
behaviour, alters ovarian follicular development, compromises oocyte competence, and 
inhibits embryonic development (Hansen et al., 2001). However, the nutrition-based 
regulation (i.e. better food availability for roe deer with increasing temperature in the 
gradient from 46 to 63oN) may be a good explanation for temperature-dependence in roe 
deer fertility found at the biogeographic scale. The rut in roe deer usually lasts less than a 
month, and throughout Europe it can start from late June until late July (Andersen et al., 
1998a). Summer (July) temperature enhanced female fertility independently of body mass. 
Higher productivity of habitats in warmer (southern) part of Europe compared to cooler 
(northern) environment and thus better food resources during the rut provide females with 
extra energy to be allocated to reproduction. However, in boreal species, hot summer 
temperatures were shown to have deteriorating effect on reproduction success. For 
example, in moose, high temperatures in late summer and early autumn (in the beginning 
of the rut) delayed conception dates due to heat stress (Veeroja et al., 2012). In the semi-
domesticated reindeer, high temperatures and large number of very warm days during 
summer reduced calf production, primarily due to activation of blood-sucking insects 
forcing reindeer to move continuously at the expense of grazing and resting (Kumpula and 
Colpaert, 2003).  
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Obviously, the influence of the temperature and other climatic factors on reproductive 
performance of roe deer females is controversial. While at the biogeographic scale higher 
temperature has a positive effect due to increasing food availability, at the local scale its 
influence is much more confusing. While mean annual temperature as a potential indicator 
of nutritional quality of habitats acts similarly as temperature of July in the continental 
context, hot and dry summer weather may on the contrary acts as a stress inducing factor 
and/or may reduce food availability/quality. For example, Lombardini et al. (2017) found 
in the province of Pisa (central Italy) the summer rainfall in the previous year (i.e. the year 
before sampling) apart from the maternal body mass as the main factor which influenced 
pregnancy rate of roe deer females: with increasing summer rainfall the reproductive 
potential of does increased. On the contrary, in their study spring rainfall, December 
rainfall and minimum December temperature were less important, i.e. they were not 
included in the best model as significant influential factors. 
Evidently, for roe deer reproduction are especially important summer weather conditions, 
i.e. due to the fact that females are monoestrous and can mate only during the rut period. 
Compared to females, bucks have much longer period of sexual activity (generally from 
April to October, and at least some of them would be able to mate successfully even till the 
end of December) but their actual mating season is much shorter since it can only overlaps 
with the rutting period of monoestrous females. Does that are not fertilized during the rut 
period maintain high progesterone level from September to February, which indicates that 
they do not undergo another oestrous cycle (Andersen et al., 1998a). Despite the existence 
of some old reports that non-fertilized females (particularly yearlings) can breed and be 
fertilized also in November and early December (reviewed in Krže, 2000) as well as of 
some rare reports on out-of-season births, recent evidences that support monoestry in roe 
deer are very clear (Andersen et al., 1998a). Therefore, we strongly believe that the 
possibility of post-rut fertilization of roe deer females is very low, and would not bias our 
results by any means. 
Hot and dry summer weather may reduce body masses of roe deer (due to affecting the 
availability of quality food sources), resulting in lower reproductive output as manifested 
in pronounced inter-annual variability of the reproductive performance of roe deer females 
in Slovenia (see Chapter 6.4).  
6.2.3.2 Effects of snow cover  
Besides summer, the critical period for animals could also be winter, with the snow cover 
as one of the important climatic factors that can have influence on wildlife. Snow is one of 
the most limiting environmental factors that influence large wildlife of temperate and arctic 
zones (Richard et al., 2014). During winter, there can be periods of nutritional constraints, 
which are a result of snow cover and reduced accessibility to food (Lombardini et al., 
2017). Snow may also limit space use, increase energy expenditure related to movement 
and ultimately affect individual survival (Richard et al., 2014). 
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We found a negative correlation between number of days with snow cover (SC) and 
reproductive output when controlling for the age, not for body mass (R_age: rs = -0.16; 
Table 7), which confirms negative effects of snow on demographic processes (via affecting 
vitality) in roe deer. On the contrary, models showed greater importance of SC when 
controlling also for the body mass (Tables 18 and 19). The variable SC was included in 7 
out of 18 best models when controlling also for the effect of body mass (R_age_bm), 
always negatively but however with very low variable estimate for the average model       
(-0.011), indicating that its direct influence on reproductive output of roe deer females is 
rather marginal; however, snow cover may affect roe deer life-history traits indirectly. 
Indeed, snow cover is an important factor that affects roe deer physiological condition, 
spatial distribution and finally their survival (Mysterud et al., 1997; Ossi et al., 2014). It 
reduces the accessibility to food during winter and may hamper survival in species with 
poor adaptation to move in deep snow (Ossi et al., 2014). Roe deer is not morphologically 
adapted to move in deep snow due to foot loading and low brisket height, and is therefore 
very sensitive to snow which has negative effects on population dynamics of the species. 
Energy expenditure for walking becomes very important when snow exceeds 50–60 cm 
(Andersen et al., 1998a). However, due to high behavioural and ecological plasticity of roe 
deer the species is able to adapt to high snow cover, i.e. by adjusting movements to select 
favourable patches within the home range (Ossi et al., 2014). 
6.2.3.3 Effects of climate change  
According to our results, temperature is an important climatic factor that influences the 
reproductive output of roe deer females. At the annual level, the effect of temperature was 
more important than those of precipitation and the number of days with snow cover. Along 
with the upcoming climate changes and rising temperatures it is to expect some changes in 
demographic processes of species as well (Apollonio et al., 2017). However, there is a lack 
of information on how those changes influence abundant and widespread species like roe 
deer (Gaillard et al., 2013). Therefore, the effect of climatically-driven plant phenology on 
mammalian reproduction is one key to predict species-specific demographic responses to 
climate change (Stoner et al., 2016) 
Results provided by Gaillard et al. (2013) show that climate change might have negative 
effects on roe deer recruitment due to the increasingly early onset of spring. The authors 
suggested that roe deer is unable to resist the energetic constraints imposed by early 
springs and the increasing frequency of summer droughts, probably due to its strong 
dependence on high quality vegetation. Furthermore, they also suggested that individuals 
may successfully cope with earlier springs by moving into secondary habitats like 
agricultural landscapes which provide alternative food resources during the critical rearing 
stage. Agricultural landscapes which include forest patches and contain a variety of food 
resources might provide a suitable habitat for roe deer in the changing climate (ibid.). 
Davis et al. (2016) even concluded that climate change is likely to have indirect positive 
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impacts on roe deer survival through increased vegetation production: in northern Europe, 
climate change might increase vegetation productivity, and along with the positive effects 
of vegetation productivity on roe deer survival this might lead to population increases in 
the future. Indeed, by obtaining access to higher quality diets, especially in terms of 
nitrogen and phosphorous content, roe deer in open areas are able to attain larger body 
mass than in strict forest habitats (Hewison et al., 2009). 
In our study, we did not try to determine effects of climate change on roe deer reproductive 
performance since this issue would request collecting data in much longer time series. 
However, the influence of changing weather conditions might be indirectly seen from data 
on inter-annual variability in fertility and litter size of roe deer females (see Chapter 6.4). 
6.2.3.4 Effects of habitat factors  
The only important habitat factor which exerted the influence on potential reproductive 
output of roe deer females was the percentage of forest cover: it was included in the best 
model with R_age, but not in the best model with R_age_bm (Tables 18 and 19). This 
indicates that the negative effect of increasing forest surface is mainly through its effect on 
body mass. Despite the fact that roe deer is considered as a forest species (Morellet et al., 
2011) our results are not surprising as many previous studies have also revealed that roe 
deer from forest areas has lower body mass compared to field roe deer which inhabits areas 
with prevailing agricultural use (e.g. Hewison et al., 2009; Pëtelis and Brazaitis, 2015; 
Janiszewski et al. 2016). 
In woodlands, there are several important resources like access to cover and forage, the last 
particularly along the edges with open areas (Morellet et al., 2011). However, some recent 
studies suggested that roe deer did not evolve as a real forest ungulate but it rather depends 
on forest glades (e.g. Lovari et al., 2017). Furthermore, more than inside of the forest roe 
deer prefers forest edges, but due to its ecological plasticity it can colonize a variety of 
habitat types: some of them are more and others are less suitable for the species (Andersen 
et al., 1998a).  
For example, Janiszewski et al. (2016) who studied roe deer in North-Eastern and Central 
Poland, reported that bucks, does and fawns from the forest population had smaller carcass 
measurements than their counterparts from the field, and the average body masses differ by 
0.7 kg, 2.3 kg, and 0.9 kg in the case of does, bucks, and fawns, respectively. Similar 
differences were found in Southwest Lithuania, where the roe deer of the field ecotype is 
much heavier than the roe deer of the forest ecotype, and its cranium is larger as well 
(Pëtelis and Brazaitis, 2015). Also in Slovenia, body mass of roe deer in north-eastern parts 
(Pomursko, Ptujsko-Ormoško and Slovenskogoriško hunting management districts) and in 
lowland of south-eastern parts (Novomeško hunting management district), where roe deer 
live at the agricultural fields and presumably also field ecotype can be found there at least 
locally, are much higher in comparison with other parts of the country (Jelenko et al., 
2009).  
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Fruziński et al. (1982), who compared two contrasting roe deer populations from Poland 
(Zielonka – wooded area, and Czempin – agricultural area), described that the differences 
in body mass between forest and field roe deer are primarily due to the rate of increase in 
body mass of the youngest individuals. Roe deer fawns from the field grow faster due to 
the availability of food which is rich in all nutritive components. Study, carried out on roe 
deer population from France (Aurignac canton) showed that spatial differences in body 
mass were particularly pronounced for yearlings, reaching >3 kg between two contrasting 
environments (forest and open agriculture landscape with several cultivated meadows). 
Adults in the forest area were approx. 1 kg lighter than their counterparts in the more open 
areas (Hewison et al., 2009).  
As body mass is the main factor influencing reproductive performance of roe deer females 
(see Chapters 5.2 and 6.2.1) it is obvious from above data that the quantity of woodlands in 
a landscape may have important negative indirect effect on this important life-history trait 
of the species as well as on the increment rate. From this perspective it is urgent to 
consider recent environmental changes (i.e. large increase of forested areas in Slovenia) 
also in the population management (Apollonio et al., 2017). However, also differences in 
reproductive potential as a proxy for increment rate of the species among regions (see 
Chapter 6.2.4) have to be considered for optimal sustainable management of roe deer as 
well as other wild ungulates. 
In models, we also tested the effect of the variable “rich undergrowth” (RU). Contrary to 
our assumption that this variable indicates higher food availability for roe deer, its effect 
was rather weak. This indicates that despite abundance of food in forests with rich 
undergrowth agricultural land still offers diet of higher quality for roe deer. 
6.2.4 Differences in reproductive potential of roe deer females among regions 
As a result of interacting effects of various individual and environmental factors, roe deer 
reproductive potential differs among areas with different characteristics, i.e. both 
considering LUOs and natural regions of Slovenia. In order to provide more efficient 
adaptive management of roe deer populations the information on differences in 
reproductive potential among different LUOs is very important. Indeed, in the absence of 
reliable figures on population numbers the variability in the main life-history traits should 
be considered, since spatial variability of reproductive potential clearly shows that we 
cannot manage roe deer population on the same principles throughout its distribution 
range. The variation in reproductive parameters between LUOs was higher in yearlings 
than in adult does. LUOs in which the reproductive potential of all does, regardless their 
age, was the highest were Ptujsko-Ormoško and Pomursko LUO (i.e. Pre-Pannonian 
region, also with the field ecotype of roe deer). On the contrary, the lowest reproductive 
potential (of yearlings only) was found in Gorenjsko and Kamniško-Savinjsko LUO (i.e. 
Pre-Alpine region with high forest surface and harsh winters).  
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The outstanding landscape and ecological variability of Slovenia and its influence on the 
reproductive potential of roe deer was even more reflected when we pooled data into four 
natural (ecological) regions. Again, the variability in reproductive performance was more 
obvious in yearlings, while in adult does the reproductive potential was relatively high 
throughout Slovenia, and the differences among regions were rather low. However, also in 
yearlings despite of pronounced inter-annual differences and strong effects of individual 
factors on their reproductive potential we did not observe such high variability among 
different regions. On one hand, this could be due to a small sample size in some regions, 
and on the other due to the expressed variability in body masses of yearlings within each 
region, resulting that differences in mean body masses of yearlings among regions were 
less pronounced. 
Nevertheless, both studied parameters of reproductive potential of yearlings were the 
lowest in the Pre-Alpine region. This could be the result of the less favourable weather 
conditions and lower mean annual temperatures influencing vegetation growth, longer 
periods with snow cover as well as higher proportion of forests. Consequently, the 
availability of food resources is lower in this region which disenables fast development of 
roe deer juveniles which is reflected also in lower body mass of female yearlings (see also 
Jelenko et al., 2009).  
The reproductive potential of roe deer yearlings was significantly higher in Pre-Pannonian 
region while there were no considerable differences among other regions. In Pre-
Pannonian region, we also observed the highest percentage of does that could produce 
three fawns or even more. In this region, there is mostly agricultural land with a lower 
percentage of forest. According to the hypothesis from Hewison et al. (2009), body mass 
of roe deer should increase with landscape openness, probably due to the availability of 
nutrient rich foods provided by meadows and cultivated crops (see also Chapter 6.1.3.2). 
The abundance of agricultural crops therefore represents a source of food with high 
nutritional value. Consequently, roe deer from this region are also larger and have higher 
body mass compared to roe deer from other regions in Slovenia (Jelenko et al., 2009). The 
results coincide with several studies which have described morphological, behavioural and 
ecological differences among roe deer from areas with different percentage of forest cover, 
and suggested that there are the existence and differences in life-history traits of field and 
forest ecotype of roe deer (Kałuziński, 1974; Fruziński et al., 1982; Majewska et al., 1982; 
Hofmann et al., 1988; Janiszewski et al., 2016). 
Based on previous findings which show that phenotypic quality of roe deer from the 
agricultural areas is better due to better nutrition, we could conclude that there is also an 
indirect effect of food availability (by altering body mass of individuals) on reproductive 
performance. This explains the differences in reproductive potential of roe deer females 
from different regions, especially the observed differences between Pre-Pannonian region 
and others which are in accordance to spatial variability of body mass of the species in 
Slovenia (Jelenko et al., 2009).  
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6.2.5 Inter-annual variability in reproductive potential of roe deer in Slovenia 
We observed important inter-annual differences in all studied parameters of roe deer 
reproductive potential, however they were only significant in the category of yearlings. It 
appears that the inter-annual variations in the environmental factors do not have 
pronounced impact on reproductive potential of adult females as differences among years 
were non-significant in this age category.  
By comparing the data on reproductive potential of roe deer females with the weather 
conditions in the studied years (2013–2015) we could predict that the inter-annual 
differences in reproductive potential of yearlings could be the result of the different 
climatic effects, i.e. differences in weather conditions (primarily summer droughts), 
influencing also the food availability and hence the quality (body mass) of individuals. For 
example, from the data on the mean precipitation during summer months for the years 
2013 and 2014, in which parameters of the reproductive potential of both yearlings and 
adult does exhibited the largest differences, it is evident that the weather conditions were 
very different. In the summer 2013, there was an extreme drought, and the mean July 
precipitation in Slovenia was only 47 mm, which is almost 3-folds less than the 10-year 
average for the period 2000–2010 (149 mm); the similar holds true for the mean 
temperature of July/August (20.4/19.4 in 2013 vs. 19.2/18.2 in the 2000–2010 period). On 
the contrary, weather conditions in the year 2014 were completely different, as the mean 
July precipitation was 167 mm (35 % above the 10-year average), and the mean 
temperature of July and August were 18.4 and 17.0, respectively.  
The summer drought in 2013 probably had the negative effect on food availability for roe 
deer as the mean body masses of all yearlings, included in our study, also differed from the 
year 2014 and 2015: mean body mass of yearlings was 13.4 kg in 2013, 14.0 kg in 2014, 
and 13.8 kg in 2015, respectively (differences were however not statistically significant 
(ANOVA; F = 1.74; p = 0.177) which might be due to a relatively small sample set). 
Moreover, when employing all yearlings, culled in Slovenia in years 2013, 2014 and 2015, 
differences in mean annual body masses were highly significant (ANOVA; F = 36.7; 
p = 0.000) and were as follows: 13.0 kg in 2013 (n = 3,266), 13.4 kg in 2014 (n = 3,227), 
and 13.3 kg in 2015 (n = 3,367), respectively. This clearly shows that summer weather 
importantly affects mean body mass of roe deer (female yearlings), having in consequence 
also important influence on the inter-annual variability in the reproductive outcome and 
hence on the recruitment rate in the following year. 
Indeed, along with the changes in the weather conditions also reproductive ability of 
yearlings importantly differed among studied years. For example, between the years 2013 
and 2014 the difference averaged 0.47 ovulation per yearling. Despite the negligible inter-
annual differences in adult does, only due to variability in reproductive potential of 
yearlings the differences in numbers of new-born fawns between two consequent years 
might be comparable to the total annual cull of roe deer in Slovenia. Indeed, when 
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assuming roe deer population numbers at 200,000 individuals (see Stergar, 2017) and 
adopting the estimates of the demographic structure based on our own field experiences 
(i.e. sex ratio of females vs. males: 2:1–3:1; proportion of yearlings within reproductive 
females: 20–25%), the difference in potential reproductive output of yearlings only 
between two successive years might even exceed 17,000 fawns, which is one half of the 
annual cull of roe deer in Slovenia. Although this figure does not consider neonatal 
mortality it is evident that the inter-annual variability in the recruitment rate must be taken 
into the consideration also when making management plans, i.e. culling quotas. Indeed, 
due to the inter-annual variability of life-history traits the population management should 
be more flexible even on a yearly basis, and should follow patterns in reproductive 
performance of females. Therefore, the information on annual reproductive potential of 
yearlings, i.e. corpora lutea counts (see Chapter 6.1), should be implemented into the 
adaptive population management practice as a new routine indicator in the control method. 
6.3 SEX RATIO OF OFFSPRING  
Despite the small sample set we were able to determine sex ratio of foetuses, which was 
1:0.9 in favour of males. On the other hand, sex ratio of fawns (shot together with does) 
was 1:1.1 in favour of females. In both cases, sex ratio was close to unity which is in 
accordance with several studies of sex ratio of roe deer offspring; however, there might be 
slightly higher proportion of male offspring in the majority of populations (reviewed in 
Danilkin, 1996). For instance, Wauters et al. (1995) observed the overall sex ratio of 
foetuses to be 50.7 % of males and the sex ratio of juveniles (post-weaning, observed in 
population censusing in January) to be 49 % of males. 
In our study, it also has to be taken into account that when determining the sex ratio of 
fawns we only considered twin litters (similarly and due to the similar reason as Hewison 
et al. 1999). This is important due to the fact that sex ratio may depend on the litter size. 
Macdonald and Johnson (2008) found that there was a male bias in sex ratio of foetuses 
among singleton pregnancies and that there was no such bias in the larger litters. On the 
other hand, Wauters et al. (1995) reported that the frequency of male foetuses increased 
with the litter size. However, those results are based on the sex ratio of foetuses, and 
cannot be completely applied to sex ratio of fawns due to possible early fawn mortality. 
This issue was also studied in white-tailed deer, for which Green et al. (2017) observed a 
numerical (but non-significant) decline in the proportion of males with increasing litter 
size, which was also correlated with the maternal age.  
Based on the analysis of females shot together with fawns we observed that there was a 
tendency of females to have mixed litters (53 %), and the rest were either only female 
twins (25 %) or male twins (22 %) (Figures 29, 30). Similar results were obtained by 
Macdonald and Johnson (2008) in a study which was based on the analysis of foetuses: in 
twin pregnancies, the mix litters prevailed.  
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We did not detect any effect of maternal body mass on litter type and sex ratio (Table 31). 
Although the trend suggests that females with lower body mass produced more mixed 
litters, those results were not statistically significant. According to Macdonald and Johnson 
(2008), mixed litters may, in some circumstances, be advantageous for roe deer and a 
tendency for mixed pairs might allow greater flexibility to optimise investment during 
lactation. In their study, the sex ratio among twins was close to parity, and unaffected 
either by average condition among populations or by individual condition within 
populations, as there was no tendency for mixed twins in individuals in better condition 
within a population.  
Finally, we compared mean body masses of male and female fawns that were shot 
together. Mean body mass of female fawns was almost the same as mean body mass of 
male fawns (9.0 and 9.1 kg), which does not go along with some suggestions that in 
mixed-sexed litters there may be potential for sex-specific sibling competition that may 
alter the relative reproductive value of each sex due to differences in competitive ability 
(Komdeur, 2009). However, similar findings were found: (i) in roe deer from Trois 
Fontaines (France), where the difference in weaning weight index between male and 
female siblings in mixed-sex twin litters was not statistically significant, although males 
tended to have higher values (Hewison et al., 1999); (ii) in Limburg (Belgium), where 
male foetuses weighted more than females but this difference was not significant (Wauters 
et al., 1995). However, in the same study, male fawns (9 months old) weighed more (on 
average by 1 kg) than female fawns, suggesting that male offspring continue to grow 
faster. 
Based on our data, we were not able to determine whether body mass of females have any 
effect on sex ratio of foetuses or fawns. Therefore, to determine the real effects of maternal 
body mass on offspring sex ratio in roe deer in Slovenia further investigations are needed. 
It should be mentioned, however, that number of studies regarding the effects on sex ratio 
of roe deer offspring have provided contradictory results, which are in one hand in 
accordance with the Trivers and Willard hypothesis (e.g. Wauters et al., 1995; Macdonald 
and Johnson, 2008), and on the other hand in accordance with the local resource 
competition hypothesis (e.g. Ellenberg, 1978; Hewison in Gaillard, 1996). Therefore, there 
is also a third possible option which was discussed by Vreugdenhil et al. (2007) and claims 
that roe deer may not select for certain sex at all, but rather for the number of offspring 
(see all previous chapters). 
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By this doctoral dissertation, we aimed to quantify the reproductive parameters of roe deer 
females and the effects of the main influential factors throughout Slovenia. In general, 
fertility (97.6 %), potential litter size (1.85) and potential reproductive output (1.80) of 
does (regardless the age) were relatively high, but a pronounced age-related and body mass 
dependent variability of these parameters was found both in a temporal (inter-annual) as 
well as in spatial (regional) context. This variability was generally in accordance with 
prediction of our hypotheses, and was observed especially in yearlings. The most important 
findings and conclusions, also in the respect of our hypotheses, are as follows: 
• Reproductive potential of female roe deer is affected by various individual, 
population and environmental factors, and varies among different areas of Slovenia. 
As expected, reproductive potential was primarily influenced by body mass and age 
of mothers. Furthermore, the hypothesis that variability in reproductive potential is 
higher in yearlings than in adult does was also confirmed.  
 
• Body mass has a strong positive effect on fertility and also on potential litter size in 
roe deer females: with increasing body mass both parameters increased. This was 
found in Slovenia (by using individual data) as well as on continental level (by 
using population means). When explaining the effect of body mass this should be 
considered in relation to age as the body mass effect is strongly age-related. It 
primarily influences reproductive performance of younger individuals (particularly 
yearlings) which have on average smaller litters than adult does, and also the 
fertility of yearlings is lower.  
 
• Furthermore, our data indicate that there is an age-dependent shift in allocation of 
resources from body development into reproduction. While young females allocate 
their resources primarily into the body growth and less into reproduction, older 
females exhibit larger reproductive efforts even when their body mass is lower. 
Considering the pronounced impact of body mass on reproductive potential of roe 
deer as well as a high rate of reproduction in early life it may be expected that 
reproductive ability of roe deer females would decrease toward the end of their life-
span. However, we only observed a slightly decreasing trend of potential 
reproductive output of very old roe deer females, which appeared some years after 
the body mass culmination. Therefore, further studies are needed to confirm the 
existence of either reproductive senescence or terminal reproductive investment in 
roe deer females. 
 
• When studying the influence of population density on the reproductive performance 
of roe deer females we did not detect any density-dependent effect on the 
reproductive outcome of roe deer females in Slovenia. Contrary to this, the meta-
analysis at a continental scale showed a significant influence of reported population 
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densities on both fertility rates and mean litter sizes: with increasing densities, 
particularly where they were very high, both parameters of reproductive potential 
decreased. The mismatch of findings between different spatial windows (Slovene 
data vs. pan-European ones) indicates that population densities of roe deer in 
Slovenia are probably far below the carrying capacity of the environment, i.e. 
population is not saturated. Moreover, the interval of population densities of roe 
deer at the national scale is rather too small to reflect any effect on the reproductive 
ability of the species. 
 
• Among environmental factors included in our study, the most important 
(considering its effect on reproductive ability) was the mean annual temperature 
which had positive effect on the potential reproductive output. The mean annual 
temperature affected reproductive performance of does irrespective of the age, and 
mostly indirectly via altering food source availability and thus affecting body mass, 
as well as (to a lesser extend) directly, i.e. irrespectively of age and body mass. 
Similarly, also at the continental scale we found significant increase of fertility with 
increasing July temperature both in yearlings and adults, which confirmed that the 
temperature during the rut is an important environmental factor affecting roe deer 
reproductive cycle. Higher productivity of habitats in warmer (southern) part of 
Europe compared to cooler (northern) environment and thus better food resources 
during the rut provide females with extra energy to be allocated to reproduction. 
 
• During the study period, we observed a pronounced inter-annual variability in 
reproductive potential of roe deer yearlings, which may be the result of different 
weather conditions affecting mean body masses of females in a specific year. 
However, it appears that the inter-annual variations in environmental factors do not 
have impact on reproductive potential of adult roe deer females at all. Based on the 
climatic data and our results on the effects of body mass on reproductive potential 
we could predict that the lower reproductive potential of yearlings in a single year 
(2013) was a result of their lower body masses in this year which may be a 
consequence of the profound summer drought and lower precipitation. 
 
• We were not able to confirm the hypothesis that sex ratio of offspring depends on 
maternal phenotype (especially body mass), and that heavier females in better 
physical condition compared to other females produce more female offspring. 
Indeed, we did not observe any connection between the body mass of females and 
the sex ratio of their offspring. However, we believe that to determine the real 
effects of maternal body mass on offspring sex ratio in roe deer in Slovenia further 
investigations, upgraded with some new scientific approaches, are needed and 
would provide more reliable results. Unfortunately, it is very difficult to conduct 
the study on roe deer foetuses in Slovenia because it is very demanding to collect 
the uteri from pregnant does as the hunting season does not overlap with the period 
of embryonal development.  
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It should be emphasised that we analysed the reproductive capacity of roe deer females in 
the early stage of pregnancy (particularly during the embryonic diapause) by determining 
the presence and counting corpora lutea (CL) in ovaries. We are aware of some 
disadvantages of the method, i.e.: (i) in the early stage of pregnancy the reproductive 
investment is rather very low in comparison with post-implantation period, therefore by 
this method we cannot measure the gross reproductive investment but only the 
reproductive ability/potential of females; (ii) CL counting does not necessarily reflect the 
real reproductive outcome and is inadequate to measure (changes in) actual litter sizes in 
roe deer in general, i.e. number of offspring that would be born and will survive the early 
post-natal period, due to possible unsuccessful fertilization of released ova, implantation 
failure, resorptions of foetuses/abortions in latter stage of pregnancy and/or subsequent 
neonatal mortality. Nevertheless, this method does provide an important insight into the 
reproductive potential of roe deer females at the very beginning of oestrus cycle which per 
se predetermines the final reproductive outcome. Moreover, as in the initial phase of 
reproduction the reproductive investment is very low it does not seriously affect 
vitality/body mass of an individual. Therefore, the causal relations between different life-
history traits are much clearer and are not biased by the possible reversed interaction 
between them: for example, body mass effect on the reproductive potential is not masked 
by possible reverse influence of reproductive investment on the same body mass.  
In the absence of adequate methods for censusing roe deer population numbers the 
information on life-history traits and particularly on reproductive performance is needed 
also for management purposes, i.e. for sustainable use of roe deer populations. Therefore, it 
would be very beneficial to have reliable indicators for forecasting the increment rate on a 
yearly basis, and counting of corpora lutea in ovaries seems to be the only reasonable 
solution which could be implemented in a management practice. Considering the 
administrative, technical/logistical and economic feasibility (organization of sampling, 
cost-benefit of different approaches etc.) as well as ethical perspectives, CL counting is the 
most suitable method. The number of CL could be therefore widely implemented as a 
routinely collected indicator in the adaptive population management for monitoring of the 
inter-annual variability in reproductive performance and also for forecasting the increment 
rate in the next year. Furthermore, in many European countries like Slovenia where 
hunting period on roe deer females coincides with the period of embryonic diapause this is 
also the only possible method. Despite some hesitations and cons (see paragraph above) we 
suggest implementation of such monitoring as soon as possible, however by employing 
yearlings only. Indeed, primiparous does exert the largest variability in reproductive 
performance, and between two successive years the number of fawns that they would 
produce in Slovenia may differ at the level which could be compared to the total roe deer 
hunting bag in the country. Moreover, in yearlings CL counts reliably reflect the actual 
litter size as the implantation failure is rather very low in this age category, which was 
confirmed also by our very recent study.  
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8 SUMMARY (POVZETEK) 
8.1 SUMMARY 
The present work is one of the first extensive studies on the biology of European roe deer 
(Capreolus capreolus L.) in Slovenia. Roe deer is the most widespread and abundant 
European ungulate and therefore also one of the most important game-management species 
in most of the European countries, including Slovenia. We studied reproductive potential 
of roe deer females in Slovenia and the influence of various individual, population and 
environmental factors that can exert influence on it. In addition, we also collected 
published data on roe deer reproduction from the whole Europe and studied the effects of 
various factors on reproductive potential of roe deer females at a continental scale. 
Reproductive performance (reproductive success/potential/ability) is an important life-
history trait, which determines population dynamics and can be influenced by various 
factors. Factors affecting the reproductive potential of roe deer include individual (body 
mass, age, etc.), population (population density, genetics, etc.) and environmental 
characteristics (habitat quality, weather conditions, interspecific interactions, etc.). In this 
study, we analysed the effects of different factors on fertility (the ability to produce ova, 
i.e. to ovulate), potential litter size, potential reproductive output and sex ratio of offspring.  
Samples (uteri with ovaries) were collected in the period 2013–2015 in 85 hunting 
grounds, covering different areas of Slovenia. During the whole study period, 1894 
samples were collected and examined, and 1312 of them were suitable for further statistical 
analysis. Fertility was determined by the presence of corpora lutea (CL) in ovaries and we 
used the number of CL as a measure of potential litter size of every single individual. 
Furthermore, we also determined potential reproductive output, which is the mean number 
of CL in a population, including non-fertile individuals. For the study on the continental 
level, we searched the scientific databases and collected and included into analysis 
published data on roe deer reproduction from 29 studies reporting on 61 local populations 
in 15 European countries. 
Sex ratio of embryos/foetuses was determined on the basis of a small sample set of 
pregnant females (n = 39), and sex ratio of offspring by searching the data existing in on-
line hunting information system on females (n = 180) that were culled together with their 
fawns in the period 2013–2015. 
Roe deer females in Slovenia had in the study period (2013–2015) high reproductive 
potential. Fertility was high, as 97.6 % of all females (yearlings and adults) were fertile. 
The average fertility of yearlings was 94.1 %, and in adults 98.6 %. The mean potential 
litter size was 1.85 (1.58 in yearlings and 1.93 in adults), and the mean potential 
reproductive output was 1.80 (1.49 in yearlings and 1.90 in adult females), respectively. 
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The most important factor, affecting the reproductive potential of roe deer females, was 
body mass. It positively affected both probability of ovulation and potential litter size 
(number of corpora lutea), although its effect was more pronounced in yearlings than in 
adults. Among three age groups (yearlings, young to middle-aged adults (2–7 years old) 
and older adults (8+ years)), we found clear differences in responses of both reproductive 
parameters (fertility and potential litter size) to body mass variation. Body mass primarily 
influenced reproductive performance of younger and lighter individuals, and at the same 
body mass yearlings would have smaller litters than adults; at lower body mass, also young 
to middle-aged adults would have smaller litters than old ones. We also observed that 
yearlings had to reach a critical threshold body mass to attain reproductive maturity, while 
adult females were fertile (produce ova) even at low body mass. However, at higher body 
mass also younger individuals shift their efforts into the reproduction, and after reaching an 
age-specific threshold the body mass does not have any further effects on the reproductive 
output of roe deer females.  
Our data indicate that there is an age-dependent shift in reproductive potential of roe deer 
females, and probably also in allocation of resources from body growth into the 
reproduction. While young females that have not reached their full body size allocate their 
resources primarily into the body growth and less into reproduction, increased reproductive 
capacity at more advanced age, combined with declining body mass suggests that old does 
allocate more of their resources in reproduction than in body condition. 
When studying the influence of population density on the reproductive performance of roe 
deer females we obtained controversial results. Based on the data collected in Slovenia, we 
did not detect any effects of density on the reproductive output of roe deer females. On the 
contrary, the meta-analysis at a continental scale, based on the data from various European 
populations, revealed significant negative effects of population densities on mean litter size 
which decreased with the higher population density. It might be concluded that the absence 
of density-dependence of roe deer reproductive potential in the national scale is due to the 
fact that roe deer abundance is far below the carrying capacity throughout Slovenia, 
therefore there is no saturation effects on the reproductive performance of does.  
Among environmental factors, we detected the positive direct effect of the mean annual 
temperature on potential reproductive output. This was also the most important 
environmental factor which influenced reproductive potential through body mass and 
irrespective of age as well as irrespective of age and body mass. On the contrary, the effect 
of mean annual precipitation was almost none, indicating that this variable does not have 
any direct effects on roe deer reproductive potential. At the continental scale, we detected 
highly significant increase of fertility with increasing July temperature both in yearlings 
and adults which confirms that temperature during the rut is an important environmental 
factor affecting deer reproductive cycle. Also a negative correlation between number of 
days with snow cover and reproductive output was found, which confirms negative effects 
of snow on demographic processes in roe deer.  
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We found pronounced inter-annual differences in reproductive parameters of yearlings, 
and also the differences among different regions in Slovenia: this is probably the 
consequence of various/changing climatic and habitat factors, confirming spatiotemporal 
influence of these factors (however, they act primarily indirectly, i.e. by affecting body 
mass as a main driver of variability in reproductive performance). We observed important 
and significant inter-annual differences in all studied parameters (fertility, potential litter 
size, and particularly potential reproductive output) in yearlings: their lower reproductive 
potential in a relevant year may be the consequence of the summer drought in this year, 
which seems to affect reproductive performance indirectly, i.e. by altering/lowering body 
masses of individuals due to unfavourable nutritional conditions. In yearlings, inter-annual 
variability in the potential reproductive output, the main driving factor of the population 
dynamic, was as large (almost 0.5 offspring per individual between two successive years) 
that should also be considered in the adaptive management of populations, i.e. when 
aiming for optimal sustainable harvest. On the contrary, it appears that the inter-annual 
variations in the environmental factors (i.e. weather condition) do not have any impact on 
reproductive performance of adult roe deer females.  
Despite high inter-annual differences and strong effects of individual factors on 
reproductive performance of yearlings, we did not observe pronounced spatial variability 
in reproductive potential of yearlings, i.e. among different areas. On one hand, this could 
be due to rather small sample set within some regions, and on the other primarily due to a 
high variability in body masses of yearlings within each region. However, the reproductive 
potential was significantly higher in the Pre-Pannonian region while there were no 
considerable differences among other regions. In the Pre-Pannonian region, we also 
observed the highest percentage of does that could produce three fawns or even more.  
Sex ratio of foetuses was 1:0.9 in favour of males, and sex ratio of fawns 1:1.1 in favour of 
females. Based on the analysis of females that were harvested together with their fawns, 
we observed that there was a tendency of females to have mixed litters (53 %), and the rest 
were either female twins (25 %) or male twins (22 %). Although the trend suggested that 
females with lower body mass produce more mixed litters, differences were not 
statistically significant. However, some theories suggest that mixed litters may be 
advantageous for roe deer as a tendency for mixed pairs might allow greater flexibility to 
optimise investment during lactation. Since we were not able to determine whether 
maternal body mass has any effect on sex ratio of offspring in roe deer, further studies are 
needed to answer this important demographical and management question.  
In the absence of adequate methods for censusing roe deer population numbers the 
information on life-history traits and particularly on reproductive performance is urgently 
needed also for management purposes. Despite of some cons we recommend CL counts in 
yearlings (the age category with the largest, also pronounced inter-annual variability in the 
reproductive performance, and in which implantation failure is rather very low) to be 
implemented as a new indicator in the adaptive population management.   
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Evropska srna oz. srnjad (Capreolus capreolus L.) je ena najbolj razširjenih vrst 
parkljarjev v Evropi in posledično v večini evropskih držav, vključno s Slovenijo, 
predstavlja tudi najpomembnejšo lovsko-upravljavsko vrsto (Andersen in sod., 1998; 
Apollonio in sod., 2010). Ocenjena velikost populacije srnjadi v Sloveniji presega 200.000 
živali (Jerina in sod., 2010), vrsta pa je prisotna skoraj v celotni državi. V Sloveniji je bilo 
v obdobju 2006–2016 iz lovišč odvzetih (tj. skupna registrirana smrtnost) med 39.599 (v 
letu 2007) in 41.768 (v letu 2012) osebkov srnjadi (Oslis, 2017). Zaradi razširjenosti vrste 
in njenega lovsko-upravljavskega pomena je učinkovito upravljanje s populacijami, ki 
temelji na poznavanju biologije vrste in njenih odzivov na vedno večje spremembe v 
okolju ter na različne upravljavske ukrepe, zelo pomembno.  
Pričujoče delo je ena prvih obsežnejših in sistematičnih raziskav (biologije/ekologije) 
srnjadi v Sloveniji, v kateri smo se osredotočili na določitev razmnoževalnega potenciala 
in dejavnikov, ki vplivajo na razmnoževalni potencial samic te vrste. Za čim boljše 
adaptivno upravljanje s srnjadjo, vključno z ustreznim načrtovanjem poseganja v 
populacije, je namreč – ob nepoznavanju dejanske velikosti populacije in odsotnosti 
zanesljivih metod, s katerimi bi lahko določali absolutno številčnost vrste – poleg 
kazalnikov, ki se že uporabljajo v kontrolni metodi, še zlasti pomembno poznavanje 
prirastka in njegove spremenljivosti. Za slednje pa je predpogoj poznavanje variabilnosti 
razmnoževalnega potenciala ter vzrokov zanjo.  
Za srnjad je značilno, da se od drugih vrst iz družine jelenov (Cervidae) s severnega dela 
zmernega pasu zelo razlikuje predvsem v razmnoževalnem procesu. Skoraj vse vrste 
namreč polegajo mladiče spomladi (med aprilom in junijem), paritveno obdobje pa poteka 
jeseni (med oktobrom in novembrom). Izjema je srnjad, pri kateri je paritveno obdobje 
(prsk) v sredini poletja (Andersen in sod., 1998). Za razliko od večine ostalih vrst (tudi od 
košut navadnega jelena (Cervus elaphus L.)) so srne monoestrične, kar pomeni, da imajo 
samo en ovulacijski cikel letno. Za njih je, kot edine med parkljarji, značilna tudi 
embrionalna diapavza (odložena implantacija oz. zadržana brejost), ki traja približno pet 
mesecev. Pri tem pojavu se oplojeno jajčece v steno maternice ne ugnezdi takoj, ampak 
ostane neaktivno v obliki zarodnega mehurčka (blastociste) pri velikosti približno 20–30 
celic. Gre za obdobje od oploditve v prsku (julij/avgust) do (praviloma) zgodnjega januarja 
(Short in Hay, 1966; Mead, 1993; Renfe in Shaw, 2000). Embrionalna diapavza, ki je 
sekundarna spolna prilagoditev, samicam najprej omogoča parjenje v obdobju ugodnih 
klimatskih razmer (poletje) in še zlasti v obdobju možne spolne aktivnosti samcev (srnjaki 
namreč od pozne jeseni do pomladi zaradi pomanjkanja spolnih hormonov niso spolno 
aktivni; med drugim tedaj tudi ne nosijo okostenelega rogovja), kasneje pa lahko polegajo 
mladiče spomladi, ko je zaradi ustrezne prehranske ponudbe najbolj primeren letni čas za 
preživetje le-teh (Andersen in sod., 1998). 
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Najpomembnejši parametri razmnoževalnega uspeha samic so primiparnost (starost ob prvi 
reprodukciji), plodnost (sposobnost tvorbe jajčnih celic oz. sposobnost ovulacije), velikost 
legla in spolno razmerje mladičev. Dejavniki, ki vplivajo na razmnoževalni uspeh so lahko 
različnega izvora, in sicer: (i) individualni: vitalnost, telesna masa, starost in genetske 
značilnosti (Borg, 1970; Danilkin, 1996; Hewison, 1997; Andersen in Linnell, 2000; 
Gaillard in sod., 2000; Hewison in Gaillard, 2001; Focardi in sod., 2002; Kjellander in 
sod., 2004; Macdonald in Johnson, 2008; Hamel in sod., 2009; Flajšman in sod., 2013, 
2014, 2017a; Lombardini in sod., 2017); (ii) populacijski: populacijska gostota, 
demografska struktura in genetske značilnosti populacij (Hewison, 1997; Andersen in 
Linnell, 2000; Focardi in sod., 2002; Nilsen in sod., 2009; Flajšman in sod., 2017c) in/ali 
(iii) okoljski: vremenske razmere, struktura krajine, kakovost habitata (Nilsen in sod., 
2004; Toïgo in sod., 2006; Gaillard in sod., 2013; Lombardini in sod., 2017). Za parkljarje 
je značilno, da na razmnoževalni uspeh samic pomembno vpliva prav fenotip (zbrano v 
Flajšman in sod., 2013); posledično prav individualni dejavniki, predvsem telesna masa in 
starost, najpomembneje vplivajo na razmnoževalni uspeh (Nussey in sod., 2011). 
V sklopu doktorske disertacije smo ugotavljali vpliv različnih individualnih (starost, 
telesna masa), okoljskih (vremenske in habitatne razmere) ter populacijskih dejavnikov 
(populacijska gostota) na izbrane parametre razmnoževalnega uspeha samic srnjadi v 
Sloveniji. Osredotočili smo se na ugotavljanje plodnosti samic, potencialne velikosti legla 
(na nivoju osebkov: število rumenih telesc v jajčnikih; na nivoju populacije: povprečno 
število rumenih telesc, upoštevaje samo plodne samice) in potencialne razmnoževalne 
sposobnosti (na nivoju populacije: povprečno število rumenih telesc, upoštevaje vse, tudi 
neplodne, samice neke izbrane skupine). Ugotavljali smo tudi spolno razmerje zarodkov in 
mladičev. Kot nadgradnjo smo z meta-analizo vseh objavljenih podatkov o 
razmnoževalnih parametrih samic srnjadi iz celotne Evrope ugotavljali vpliv na 
razmnoževalni uspeh tudi na kontinentalnem nivoju.  
V okviru naloge smo si zastavili več raziskovalnih ciljev, in sicer:  
• določiti razmnoževalne parametre (plodnost, potencialna velikost legla, spolno 
razmerje zarodkov) samic srnjadi v Sloveniji in ugotoviti, kakšna je njihova 
variabilnost;  
• ovrednotiti vplive ključnih individualnih, populacijskih in okoljskih dejavnikov 
na razmnoževalno sposobnost samic srnjadi, s poudarkom na telesni masi, 
starosti samic, vremenskih razmerah in izbranih dejavnikih kakovosti habitata;  
• ugotoviti, ali in kako se razmnoževalna sposobnost samic razlikuje med 
posameznimi regijami v Sloveniji;  
• določiti spolno razmerje mladičev v jeseni in ugotoviti, kako telesna masa srn 
vpliva na spolno razmerje mladičev; 
• ovrednotiti razmnoževalni potencial samic srnjadi na nivoju Evrope z meta-
analizo podatkov dostopnih predhodnih raziskav. 
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Opredelili smo naslednje raziskovalne hipoteze: 
• Na razmnoževalni potencial samic srnjadi vplivajo številni individualni, 
populacijski in okoljski dejavniki, zato se razlikuje med različnimi območji 
Slovenije. Na razmnoževalni potencial primarno vplivata telesna masa in 
starost srn (H1). 
• Variabilnost v razmnoževalnem potencialu je večja pri mladicah kot pri 
odraslih srnah (H2).  
• Razmnoževalni potencial samic srnjadi se med leti razlikuje in je predvsem 
odvisen od vremenskih razmer, ki vplivajo na povprečno telesno maso samic v 
posameznih letih (H3). 
• Spolno razmerje zarodkov/mladičev je odvisno predvsem od individualnih 
dejavnikov, še zlasti telesne mase srn. Težje srne, tj. tiste v boljši fizični 
kondiciji, polegajo večje število potomcev ženskega spola (H4). 
Vzorčenje rodil srn, tj. maternic z jajčniki, je potekalo v obdobju 2013–2015 v sklopu 
rednega odstrela oz. odvzema srnjadi v Sloveniji. Nekaj vzorcev smo pridobili tudi izven 
lovne dobe, pri čemer je bil vzrok za odvzem predvsem povoz osebkov. Tako smo dobili 
tudi nekaj vzorcev, pri katerih so bili v maternici že razviti zarodki. Vzorce rodil so na 
terenu jemali lovci (uplenitelji), ki so vsak vzorec označili s podatki o odvzeti živali 
(telesna masa, ocenjena starost, datum in lokacija odvzema). Zbrane vzorce so globoko 
zamrznili in so tako počakali do prevzema. Vzorce smo zbrali v 85-ih loviščih, ki 
pokrivajo območje celotne Slovenije; zbranih in analiziranih je bilo skupno 1894 vzorcev 
rodil srn. Za nadaljnje analize je bilo ustreznih 1312 vzorcev (tj. maternice z obema 
jajčnikoma in s spremljajočimi podatki o telesni masi ter starosti srne).  
Razmnoževalni potencial smo določali na podlagi ugotavljanja prisotnosti in štetja rumenih 
telesc ((corpora lutea (mn.); corpus luteum – CL) v jajčnikih, kar je po sekciji jajčnikov 
mogoče zanesljivo storiti že z makroskopskim pregledom vzorcev. Na podlagi 
prisotnosti/odsotnosti rumenih telesc smo določili plodnost samic, število CL pa smo 
uporabili kot kazalnik potencialne velikosti legla za posamezno srno.  
Da smo lahko ovrednotili vplive individualnih, populacijskih in okoljskih dejavnikov na 
razmnoževalni potencial samic srnjadi, smo zabeležili tudi vse najpomembnejše atributne 
podatke, ki se v sistemu upravljanja z divjadjo v Sloveniji zbirajo rutinsko (tj. natančna 
lokacija in datum odvzema, telesna masa). Čeprav so uplenitelji starost samic opredelili že 
sami, in sicer praviloma v dve starostni kategoriji (mladice in odrasle srne), smo zaradi 
večje zanesljivosti in bolj podrobne kategorizacije starost analiziranih osebkov 
določili/ocenili tudi sami. V ta namen smo spodnje leve čeljustnice v raziskavo vključenih 
živali zbrali na letnih kategorizacijskih pregledih, starost pa smo za vsako žival ocenili na 
podlagi metode izraščenosti in obrabljenosti zob (Aitken, 1975; Ratcliffe in Mayle, 1992). 
Živali smo razvrstili v naslednje starostne kategorije: mladice, 2-letne srne, mlade srne (3–
4 leta), srednje stare srne (5–7 let), stare srne (8–9 let) in ostarele srne (10 let in več). 
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Vpliv na razmnoževani uspeh samic srnjadi na kontinentalnem nivoju smo ugotavljali s 
pomočjo meta-analize podatkov iz vseh dostopnih znanstvenih objav, zbranih s pregledom 
znanstvenih podatkovnih baz. Pri iskanju podatkov smo se osredotočili na iskanje 
informacij o deležu brejih (ali plodnih) samic v populaciji in o številu rumenih telesc in/ali 
zarodkov na posamezno samico. Podatki so se ponekod nanašali na vse srne (neodvisno od 
starosti), drugje smo uspeli dobiti tudi podatek o starosti, ki so razločevali mladice (12–24 
mesecev) od odraslih srn (>24 mesecev). Poleg teh podatkov smo, če so le bili dostopni, 
zbrali še podatke o populacijski gostoti (št. osebkov/km2), povprečni telesni masi samic v 
populaciji (kg) in izračunali povprečno julijsko temperaturo v posameznih območjih (iz 
podatkov za 20-letno obdobje (1996–2015); Weather Online, 2017). Podatki za meta-
analizo so izvirali iz 29-ih raziskav, ki so bile izvedene na 61-ih različnih populacijah 
srnjadi v 15-ih evropskih državah.  
Ugotavljali smo tudi spolno razmerje mladičev, in sicer tako na podlagi majhnega vzorca 
zbranih rodil srn (n = 39) z že razvitimi zarodki kot tudi s pomočjo podatkovnih baz oz. 
lovsko-informacijskega sistema. Iz tega smo pridobili podatke o 180 srnah, uplenjenih 
skupaj z dvema mladičema v obdobju 2013–2015; poleg podatkov o sočasnem odvzemu 
srn in mladičev smo iz sistema pridobili tudi podatke za analizo vplivov individualnih 
značilnosti (starosti in telesne mase) srn. Pri izboru srn, ki so bile uplenjene skupaj z 
mladičema, smo uporabili točno določene kriterije, ki so zagotavljali zadostno zanesljivost 
zbranih podatkov o sočasnem odvzemu (datum in čas: razpon do 15 min; ista lokacija; 
praviloma isti uplenitelj). Glede na to, da imajo srne praviloma v leglu največ dva mladiča 
(ostala poglavja doktorske disertacije), smo sklepali, da v primeru, ko sta bila skupaj 
uplenjena dva mladiča iz istega legla, ni bilo  predhodne (npr. zgodnje) smrtnosti mladičev. 
V primeru srn, ki so bile uplenjene skupaj s samo enim mladičem (takšnih primerov smo v 
raziskovalnem obdobju izločili >1000), namreč ne vemo, če srna morda ni polegla dveh 
mladičev. Da bi se izognili tem pomislekom, smo v analizo vključili le srne z dvema 
mladičema, pri čemer predpostavljamo, da je v tem vzorcu delež srn, ki bi morda polegle 
tri mladiče, pa je eden izgubil življenje prej oz. ni bil odstreljen hkrati, zanemarljiv.  
Ne glede na območje in starost živali so rezultati pokazali veliko plodnost (97,6 %) samic 
srnjadi v Sloveniji. Povprečna plodnost mladic je bila 94,1 % in odraslih srn 98,6 %. 
Povprečna potencialna velikost legla je bila 1,85 (1,58 pri mladicah in 1,93 pri odraslih 
srnah), potencialna razmnoževalna sposobnost populacije pa 1,80 (1,49 pri mladicah in 
1,90 pri odraslih srnah). 
Kot najpomembnejši vplivni dejavnik na razmnoževalno sposobnost srn se je pokazal 
pozitiven vpliv telesne mase srn. Plodnost samic srnjadi je podobno kot pri nekaterih 
drugih vrstah parkljarjev namreč odvisna predvsem od njihove telesne mase, ki pomembno 
vpliva tudi na potencialno število mladičev (npr. Gaillard in sod., 1992; Hewison, 1996; 
Andersen in Linnell, 2000; Focardi in sod., 2002; MacDonald in Johnson, 2008). Telesna 
masa je tudi dejavnik, ki določa čas prve reprodukcije (Gaillard in sod., 1992). Starostno 
pogojen vpliv telesne mase smo ugotovili tudi v sklopu naše raziskave; le-ta je bil večji pri 
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mladih kot starejših srnah. Med tremi starostnimi skupinami (mladice, mlajše in srednje 
stare srne (2–7 let) in stare srne (8+ let)) je bilo mogoče opaziti razlike v odzivu tako 
plodnosti kot potencialne velikosti legla na vpliv telesne mase. Primarno je imela telesna 
masa velik vpliv na razmnoževalne parametre mlajših in lažjih osebkov, pri enaki telesni 
masi pa bi imele mladice manjša legla kot odrasle srne. Mladice so morale za vstop v 
reprodukcijo doseči določen prag telesne mase, medtem ko so bile odrasle srne plodne tudi 
pri manjših telesnih masah. Ko živali dosežejo določeno starostno specifično mejo, telesna 
masa nima več vpliva na razmnoževalni uspeh samic, energijo pa začnejo namesto v 
telesno rast vlagati v reprodukcijo. Medtem ko mlade srne, ki še niso dosegle končne 
telesne velikosti, vlagajo energijo predvsem v telesno rast in manj v reprodukcijo, starejše 
srne namenijo več energije reprodukciji kot pa vzdrževanju telesne kondicije.  
Čeprav naj bi se razmnoževalna sposobnost samic s staranjem po prvi teoriji manjšala 
zaradi t. i. senescence (slabljenja življenjskih funkcij), naj bi po drugih teorijah s staranjem 
živali večino svoje energije vlagale v razmnoževanje in imele tako večji razmnoževalni 
uspeh. Naši rezultati so pokazali, da se potencialno število mladičev na posamezno srno 
veča nekje do osmega/devetega leta starosti (večal se je je tudi delež srn, ki so imele tri 
rumena telesca ali celo več), manjšati pa se začne šele v kategoriji ostarelih srn (slika 13). 
Pri tem je treba omeniti, da je pri zelo starih srnah mogoč tudi bistveno večji neuspeh pri 
vgnezdenju oplojenih jajčnih celic in nadaljnjem razvoju zarodkov (npr. Gaillard in sod., 
1998, 2003; Hewison in Gaillard, 2001; Chirichella in sod., 2017), česar pa na našem 
vzorcu nismo ugotavljali.  
Pri parkljarjih ima lahko povečanje populacijske gostote negativen vpliv na 
razmnoževanje, saj lahko povzroči zmanjšanje deleža plodnih samic in manjša legla na 
posamezno samico. Zaradi večje gostote se lahko zamakne tudi čas prve reprodukcije 
(Focardi in sod., 2002; Bonenfant in sod., 2009). Visoka gostota lahko na razmnoževanje 
vpliva bodisi preko socialnega stresa bodisi preko zmanjšane dostopnosti in 
razpoložljivosti hrane (Hewison, 1996; Couturier in sod., 2010; Body in sod., 2011). Pri 
ugotavljanju vplivov populacijske gostote smo na nivoju Slovenije in na kontinentalnem 
nivoju prišli do različnih rezultatov. Na podlagi vzorcev iz Slovenije vpliva gostote na 
razmnoževalni uspeh samic nismo zaznali, medtem ko je meta-analiza podatkov na nivoju 
Evrope pokazala značilen negativen vpliv populacijske gostote srnjadi na povprečno 
potencialno velikost legla, ki se je z večanjem gostote zmanjševala. Na podlagi rezultatov, 
ki kažejo na odsotnost vpliva populacijske gostote na razmnoževalni uspeh srn na nivoju 
Slovenije, je mogoče sklepati, da populacijske gostote srnjadi pri nas nikjer ne dosegajo 
nosilne zmogljivosti okolja za to vrsto, zato posledično tudi nimajo vpliva na 
razmnoževalni uspeh srn. 
Pri proučevanju vpliva okoljskih dejavnikih smo testirali vpliv na potencialno 
razmnoževalno sposobnost najprej neodvisno od starosti osebkov, v drugi fazi pa tudi 
neodvisno od starosti in telesne mase. Sklepali smo namreč, da okoljski dejavniki na 
razmnoževalni potencial praviloma delujejo posredno preko vpliva na telesno maso, hkrati 
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pa nas je zanimal tudi njihov neposredni vpliv. Med okoljskimi dejavniki se je kot 
najpomembnejši vplivni faktor pokazala povprečna letna temperatura. Njen vpliv na 
potencialno razmnoževalno sposobnost je bil pozitiven in je deloval neodvisno od starosti 
živali, in sicer tako preko vpliva na telesno maso kot tudi neodvisno od nje (tj. neposredno, 
ob kontroli vpliva telesne mase). Nasprotno vpliva povprečnih letnih padavin skoraj ni bilo 
mogoče zaznati, ta spremenljivka nima neposrednega vpliva na razmnoževanje srn (pri tem 
je treba poudariti, da vpliva padavin v posameznih obdobjih leta nismo proučevali, saj bi 
priprava takšnih prostorskih podatkov močno presegla okvir pričujočega dela). Na nivoju 
Evrope smo zaznali značilen vpliv julijske temperature na plodnost mladih in odraslih srn. 
Pri višjih temperaturah je bila tudi plodnost večja, kar nakazuje na to, da je temperatura v 
času parjenje (prska) pomemben dejavnik, ki vpliva na razmnoževalni cikel srn. Večja 
produktivnost habitatov v toplejših (južnejših) delih Evrope v primerjavi s hladnim 
okoljem na severu in posledična večja razpoložljivost hrane v času prska samicam 
omogoča, da več energije namenijo razmnoževanju. Med številom dni s snegom in 
potencialno razmnoževalno sposobnostjo smo ugotovili negativno povezavo, ki kaže na 
negativne vplive snega na demografske procese, saj je bil vpliv te spremenljivke neodvisen 
od telesne mase (zaznan ob kontroli vpliva slednje). 
Ugotovili smo tudi pomembne medletne razlike v razmnoževalnih parametrih srn in razlike 
med posameznimi regijami, ki so predvidoma posledica delovanja tako vremenskih in 
klimatskih kot tudi habitatnih dejavnikov. Medletne razlike so bile prisotne v vseh 
preučevanih parametrih razmnoževalnega potenciala, a so se izkazale za statistično 
značilne le v primeru mladic. Nasprotno se zdi, da medletna variabilnost v okoljskih 
(vremenskih ter od njih pogojenih) dejavnikih nima vpliva na razmnoževalni potencial 
odraslih srn.  
V raziskovalnem obdobju je bilo najslabše leto z vidika razmnoževanja srnjadi leto 2013, 
ko je bilo poleg bistveno manjšega razmnoževalnega potenciala mladic mogoče opaziti 
tudi značilno manjšo povprečno telesno maso te starostne kategorije v primerjavi z 
ostalima letoma (2014 in 2015). Domnevamo, da so razlike posledica različnih vremenskih 
razmer, ki so na razmnoževalni potencial mladic vplivale posredno, prek vpliva na telesne 
mase. Tako sta se, npr., leti 2013 in 2014 z vidika vremenskih razmer zelo razlikovali. 
Poleti, ko pri srnjadi poteka razmnoževanje in imajo zato vremenske razmere pomemben 
vpliv na razmnoževalni uspeh, so bile med leti velike razlike v povprečni mesečni 
temperaturi in količini padavin. Poletne mesece je v letu 2013 zaznamovala ekstremna 
suša, pri čemer je povprečna julijska količina padavin v Sloveniji znašala le 47 mm, kar je 
skoraj trikrat manj od desetletnega povprečja za obdobje 2000–2010 (124 mm). 
Vremenske razmere v istem obdobju so bile v naslednjem letu (2014) popolnoma 
drugačne, saj je povprečna julijska količina padavin znašala kar 167 mm, torej za tretjino 
več od desetletnega povprečja. Poleg vremena se je med obema letoma značilno 
razlikovala tudi razmnoževalna sposobnost mladic, in sicer v povprečju kar za 0,47 
mladiča/samico. Čeprav so bile medletne razlike v razmnoževalni sposobnosti odraslih srn 
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skoraj nične, lahko glede na demografsko strukturo populacij že medletna variabilnost v 
razmnoževalni sposobnosti mladic zelo močno vpliva na pričakovan prirastek srnjadi v 
naslednjem letu: razlike v številu poleženih mladičev med dvema letoma so lahko celo v 
rangu velikosti celotnega letnega odvzema srnjadi v Sloveniji in bi jih bilo kot take treba 
upoštevati tudi v vsakdanjem upravljanju populacij. Le-to mora postati precej bolj prožno 
(fleksibilno); predlagamo, da se spremljanje vsakoletnega razmnoževalnega potenciala oz. 
razmnoževalne sposobnosti mladic vključi kot nov, rutinski kazalnik v kontrolno metodo 
upravljanja populacij.   
Zaradi izjemne krajinsko-ekološke variabilnosti Slovenije nas je zanimala tudi variabilnost 
razmnoževalnega potenciala srnjadi med posameznimi lovskoupravljavskimi območji 
(LUO) in med posameznimi regijami, ki smo jih oblikovali z združevanjem LUO: (i) 
predalpsko, ki vključuje Gorenjsko, Kamniško-Savinjsko, Pohorsko in Zasavsko LUO; (ii) 
subpanonsko, ki obsega Posavsko, Savinjsko-Kozjansko, Pomursko, Ptujsko-Ormoško in 
Slovenskogoriško LUO; (ii) submediteransko, ki se prekriva s površino Primorskega LUO; 
(iv) dinarsko-kraško, ki zajema Kočevsko-Belokranjsko, Novomeško in Notranjsko LUO. 
Razmnoževalni potencial srn se med posameznimi regijami razlikuje, in sicer izstopa 
subpanonska regija, ker je bil značilno večji kot drugod. V tej regiji smo zabeležili tudi 
velik delež srn, ki bi lahko imele v leglu tri ali celo štiri mladiče.  
Spolno razmerje zarodkov je znašalo 1:0,9 v prid samčkov, spolno razmerje mladičev pa 
1:1,1 v korist samičk. Zaradi majhnosti vzorca brejih samic s prisotnimi zarodki in 
omejujočih dejavnikov pri analizi spolnega razmerja mladičev je težko podati zanesljive 
zaključke o variabilnosti in vplivih na spolno razmerje mladičev srnjadi. Kljub temu je iz 
rezultatov razvidno, da je bilo spolno razmerje v obeh primerih blizu ravnovesja, kar je v 
skladu z ugotovitvami preteklih raziskav spolnega razmerja mladičev srnjadi (zbrano v 
Danilkin, 1996).  
Pri analizi srn, uplenjenih skupaj z mladičema, smo ugotovili, da je imela velika večina 
mešana legla (53 %), v ostalih primerih pa sta bila bodisi samo dva samčka (22 %) bodisi 
dve samički (25 %). Do primerljivih rezultatov sta v raziskavi, ki je temeljila na analizi 
zarodkov, prišla Macdonald in Johnson (2008): v primeru dvojčkov so tudi prevladovala 
mešana legla, ki naj bi bila z vidika razpolaganja z energijo najbolj ugodna. Na podlagi 
naših rezultatov značilnega vpliva telesne mase na tip legla nismo zaznali, a se zdi, da 
imajo srne z manjšo telesno maso več mešanih legel kot težje srne, za katere pa ni jasne 
preference do poleganje bodisi samo legel dveh samčkov bodisi legel dveh samičk. Vpliva 
telesne mase srn na spolno razmerje potomcev v pričujoči raziskavi nismo zaznali, zato 
hipoteze, da je spolno razmerje zarodkov/mladičev odvisno predvsem od individualnih 
dejavnikov, še zlasti telesne mase srn, nismo potrdili. Vsekakor pa bi bile za zanesljive 
ugotovitve potrebne dodatne in bolj obširne raziskave, ki bi jih bilo smiselno izvesti v 
prihodnje, saj bi bile pomembne tako z vidika razumevanja osnovnih bioloških značilnosti 
vrste kot tudi za optimalno trajnostno upravljanje populacij (npr. postavljanje primerne 
ciljne demografske strukture in smotrno uravnavanje le-te).  
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Razmnoževalni uspeh samic srnjadi smo preučevali na podlagi analize vzorcev iz 
zgodnjega obdobja brejosti (predvsem iz obdobja embrionalne diapavze), in sicer s 
pomočjo metode določanja prisotnosti in štetja rumenih telesc jajčnikih, ki pa ima tudi 
določene slabosti. Te so predvsem: (i) osredotočenost na zgodnje obdobje brejosti, ko je 
vložek v razmnoževanje v primerjavi z obdobjem po implantaciji še zelo majhen; (ii) 
nezmožnost upoštevanja morebitne neuspešne oploditve jajčne celice, izgub pri 
implantaciji, resorpcije zarodkov v kasnejših obdobjih brejosti in zgodnje smrtnosti 
mladičev, kar vse onemogoča, da bi na tak način lahko določili dejansko velikost legla. 
Kljub temu ta metoda vseeno daje zelo pomembno informacijo o razmnoževalnem 
potencialu v zgodnji fazi brejosti, ki posledično definira končni razmnoževalni potencial. 
Upoštevaje veljavno lovno dobo na srne v Sloveniji (september–december), ko je edino 
možno zbrati dovolj veliko število vzorcev na etično sprejemljiv način, bo tudi v prihodnje 
morebitne raziskave oz. celo rutinski monitoring razmnoževalnega potenciala samic srnjadi 
možno izvajati predvsem s pomočjo štetja rumenih telesc. Kljub omenjenim zadržkom 
priporočamo, da se takšen monitoring čim prej uvede v vsakdanjo prakso upravljanja 
populacij, pri čemer sta še zlasti pomembni naslednji ugotovitvi: (i) variabilnost v 
razmnoževalnem potencialu, ki določa tudi prirastek, je velika in pomembna predvsem pri 
mladicah; ta kategorija je torej najbolj (edina) pomembna z vidika spremljanja 
razmnoževalnega uspeha in vplivnih dejavnikov nanj; (ii) ugotovitve najnovejše raziskave 
iz Italije (Toskana) na zelo velikem vzorcu (n = 2623) srn, uplenjenih v obdobju januar–
marec 2006–2016, ki je nastala kot nadgradnja pričujoče doktorske disertacije zlasti v 
smislu ovrednotenja pomena in zanesljivosti metode štetja rumenih telesc za ugotavljanje 
dejanskega razmnoževalnega potenciala srn (zaradi kasnejše lovne dobe je bila možna 
neposredna primerjava med številom rumenih telesc in zarodkov v istih srnah), kažejo, da 
je neuspeh vgnezditve (t. i. implantation failure) v kategoriji mladic zelo majhen, tj. <5 % 
(Chirichella in sod., 2017). Zaradi tega število rumenih telesc v jajčnikih mladic dovolj 
zanesljivo odraža končen razmnoževalni uspeh in ga je smiselno vključiti kot kazalnik pri 
adaptivnem upravljanju populacij.   
Z raziskavami razmnoževalnega potenciala samic srnjadi je smiselno nadaljevati tudi v 
prihodnje, pri čemer bi bilo želeno aktivnosti razširiti še na: (a) obsežnejše raziskave 
zarodkov, tj. pridobivanje vzorcev rodil srn, ki so povožene v času aktivne brejosti oz. v 
obdobju januar–maj v različnih območjih Slovenije; (b) raziskave spolnega razmerja še 
živih mladičev srnjadi s terenskimi opazovanji in pripravo ustreznega portala za vnos 
podatkov o opaženem spolnem razmerju mladičev v lovski-informacijski sistem; (c) 
raziskave zgodnje smrtnosti mladičev zaradi vpliva plenilcev in/ali košnje; (d) ugotavljanje 
različnih dejavnikov stresa na razmnoževalni potencial srn; (e) vključevanje sodobnih 
genetskih metod za izboljšanje razumevanja razmnoževalnega potenciala srnjadi. Posebno 
pozornost bi bilo treba nameniti ugotavljanju razmnoževalnega uspeha samcev (srnjakov), 
saj je le-ta tudi v širšem evropskem prostoru zelo slabo poznan, pri nas pa še popolnoma 
neznan dejavnik, ki pa ima zagotovo velik pomen tudi na dejanski razmnoževalni uspeh 
samic oz. vrste. 
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Appendix 1: Data on roe deer females with potential litter size >3, harvested in Slovenia in the period 1 September 2013 – 31 December 2015, 
accompanied by data on mean body mass of all adult females, harvested in the same year/month and in the same hunting management district 
(source: Flajšman et al., 2017b). 
 















Mean body mass (kg) of does in the district 
Mean ± 1.96*SE 
(Min – Max) 
N 








14.9 ± 0.2 
(10.0 – 19.5) 
228 








15.2 ± 0.2 
(8.5 – 21.0) 
257 








15.3 ± 0.3 
(8.5 – 22.0) 
279 








14.9 ± 0.3 
(8.0 – 20.5) 
218 








16.2 ± 0.5 
(8.0 – 22.0) 
102 








16.3 ± 0.4 




• ID of doe: Identity number of the doe in the sample set. 
• District: Hunting management district. 
• Quadrant: culling location in 1x1 km grid. 
• Coordinates: coordinates of centroid of every single quadrant.  
• Body mass: Total body mass less viscera but with head and feet on.  
• CL (N): Total number of CL (L: in left ovary; R: in right ovary), reflecting potential litter size. 
• Mean body mass of does in the district: For comparison with the doe with the exceptional litter size data on all adult does harvested in the relevant HMD in the relevant year and 
month are presented (e.g. for the doe with ID-79 for all does, shot in the District II in September 2013). 
